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Suggestions for Contributors 


The Journal of Bone and Joint Surgery welcomes contributions of interest to orthopaedic surgeons from 


all countries of the world 
Manuscripts offered for publication in the American Volume should be sent to the Editor, The Journal of 


Bone and Joint Surgery, 8 The Fenway, Boston 15, Massachusetts 
Manuscripts submitted for publication in the British Volume should be sent to the Editor, The Journal 


of Bone and Joint Surgery, 82 Portland Place, London, W. 1, England 


Instructions to Contributors to American Volume 


All articles are acknowledged as soon as received, and a reply is sent as to their disposition as soon as 
yossible after that date. Since the manuscripts are read by members of the Board of Associate Editors and 
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often are discussed at the meetings of the Board, there may be unavoidable delay. 
Articles are accepted only with the understanding that they are contributions exclusively to this Journal 


Manuscripts 

All manuscripts should be typewritten, with double spacing and good margins. The original should be 
submitted, the author keeping a copy, as the original of an accepted article will not be returned 

Figures under 100 should be written out, except when used for percentage or degrees, or where deeimals 
are involved 

When direct quotations are used, they should include the exact page numbers on which they appeared in 
the book or article from which they were taken. 

A list of legends for the illustrations should be included 

The bibliography should include only references mentioned in the text. It should be double spaced and 


arranged alphabetically, and the following forms used: 
Reference to an article: author's name and initials, title of the article, name of periodical, volume 


number, inclusive pages, and year of publication. 
Reference to a book: name of author and initials, title of book, edition number, city of publication, 
publisher, and year of publication 
Accuracy in the preparation of bibliographies will save much time and correspondence 


/llustrations 
Careful consideration must be given to the number of illustrations accepted with each article. It is 
seldom necessary to republish illustrations 

Good illustrations in The Journal are only possible from good copy. Black and white glossy prints of 
photographs should be furnished. Direct-contact glossy prints from the original roentgenograms should be 
submitted. These usually reproduce more satisfactorily than do prints from secondary negatives 

The magnification of all photomicrographs should be given 

Original drawings should be furnished; photographs of drawings do not reproduce well. If there is print- 
ing on the drawings, it should be large enough to be readable after the necessary reduction 

All drawings and lettering on prints should be done in black India ink. Dates, initials, et cetera should 
be included in legends rather than inscribed on the face of the prints. Charts should be done in black India 
ink and the originals should be submitted, rather than photographs of the charts. 

Prints should be submitted either unmounted or mounted with rubber cement. Many illustrations have 
to be discarded because they are defaced with paste or glue 

All illustrations should be numbered, the top plainly indicated, and the author’s name written on the 
back of each 

If it is necessary to reproduce an illustration which has appeared elsewhere, full information should be 
given as to the previous publication, with a statement as to whether or not permission has been obtained to 


reproduce the illustration 


Copyright 
Material appearing in The Journal is covered by copyright; but, as a general rule, no objection will be 
made to the reproduction in reputable medical journals of anything in these pages, provided that permission 


has first been obtained from The Journal and that proper acknowledgment is made. 


Original Articles 
Papers will be accepted only for exclusive publication in this Journal, which does not officially endorse 
the opinions presented in the different papers 
Articles and their illustrations become the property of The Journal. 
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Linvmerv == 
Tools & Equipment for 
Spinal Surgery 


No. 551 Wilson Convex Frame for Spinal 
Surgery. Positions patient with spine in 
lexion and with no pressure on abdomen, 
resulting in less hemorrhage. Adjustable 
during surgery. Operating time is greatly 
reduced. 


No. 444-B 


No. 875 No. 876 
Right facet Curved 
Holscher Root rasp and left | osteo - 
facet rasp tome 
Stainless steel re +} 
tractors for spinal a d 
surgery. Retract 4) eptn stop 
nerves without in 
terfering with use These four instruments are for vertebral 
ee oe body and facet fusion. Write for technique 


other instruments 


of use. 


ZIMMER MANUFACTURING CO. WARSAW, IND. 


In Canada Available through selected surgical supply dealers 
or through our Agents, Fisher & Burpe, Ltd. 


Look for the trademark ® 
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Modification of the 
Charnley Bone Clamp 


The Zimmer modi 
- fied Charnley bone 
clamp is equipped 

with concave shaped 

serrated jaws to bring fragments into hairline 
apposition. Special adaptions permit the 

bone to be accurately clamped regardless of 
irregularity of contour or taper, and at the 


— 


& 


y same time leaving sufficient bone surface 
A 4 exposed for application of the bone graft or 
=i plate. Large jaws slotted for application of 

Swivel Action bone plates and screws 


Illustration shows the universal swiveling 


action of the jaws to permit positive clamp > ; 
ing of the fragments regardless of contour A é Medial Malleolus 
or taper LJ } Detached fragments 


are clamped by 
f means of the hooked 


~~, 
7 ‘ attachment on one 
d . 
jaw and an anchor- 


ing post on the other 


Olecranon Process 


Patellar Fragments Use of the hooked jew 
attachment and post is 

Hooked jaw attachments permit insertion of similar to the technique 

screws while holding fragments in position. described immediately 


above 


ZIMMER MANUFACTURING CO. WARSAW, IND. 


In Canada Available through selected surgical supply dealers 
or through our Agents, Fisher & Burpe, Ltd. 


Look for the trademark ® 
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THE NEW HANSEN-STREET 
INTRAMEDULLARY NAIL FOR THE FEMUR 


SMO STAINLESS STEEL 


Lengths: 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52 ems. Threaded on both ends if desired. $10.00 
< 8mm. for 95% of cases, 9 mm. * 7 mm. for smaller cases. 


Diameters: 11 mm. 


DIAMOND NAIL FOR TIBIA 


No. 202 9mm. 7 mm. Dia.—24, 26, 28, 30, 32, 34, 36 cms. Lengths...........++++-$7.50 


Much success has been had by using the MOST POPULAR shape of intramedullary nail for fractures 
of the Tibia. This nail is correctly shaped and bent so that, when it is inserted, it will be easiest 
applied and surest in holding, as desired. It is inserted anteriorly. 


No. 
No. 
No. 
No. 
No. 1018-11 Stryker Broach for 11 
1018-9 Stryker Broach for 9 « 7 mm. Nails 


Kuntscher Nails for Tibia, Ulna, Radius and Humerus available for delivery immediately also. 


RICHARDS MANUFACTURING COMPANY 


756-8 Madison Avenue . Phone 8-2566 . Memphis 7, Tennessee 
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No. 414 PAIR $10.00 
These "BENDING IRONS" are made of Heat Treated ALUMINUM ALLOY and are designed for 
Bending and Forming Bone Plates They will not mark, mar or scar 
Bending and Forming Moore or Blount Plates bone plates, nails, pins or any 

Bending and Forming Jewett Nails other object 


Bending and Forming !ntramedullary Nails 


CAMPBELL-BOYD PNEUMATIC TOURNIQUET JEWETT NAIL — Stainiess smo 
One-Piece Forged 


Nail Lengths: 2'2”, 3%", 344", 3%", 4", 
4%", 5". 

Plate Lengths: 3”, 4’, 5”, 6”. 


No. 310 «@ Large size for leg; gauge and pump. $35.00 
No. 311 © Medium size for arm; gauge and pump 35.00 
No. 311€ © Small size for small arm; gauge and Write for 


Our Complete Catalog of 
Orthopaedic Instruments 


RICHARDS MANUFACTURING COMPANY 


756-8 Madison Avenue ° Phone 8-2566 ° Memphis 7, Tennessee 
ORTHOPAEDIC SUPPLY DEPOT 


THE COMPLETE 
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The Richards DIAMOND intramedullary Nails 


For 


TIBIA 
HUMERUS No Rotation 
RADIUS 
18-12 smo Stainless (type 316) Fractures of ULNA Of 
PHALANGES Fragments 


FEMUR 


TIBIA Lower Third of Femur Complete Set $54.00 
SET +1 Each set consists of 9 Lengths 


No. 204 8", 8%", 9/2", 101%", 1134", 121", 13144", 14" 
Diameters: 4mm x 6mm Re Each Pin $ 6.00 


HUMERUS (Same as set +1 except 2 diameters) Complete Set $54.00 
SET +2 Each set consists of 9 Lengths 


No. 205 8", 834", WA", 10/4", 11", 1194", 1244", 13444", 14" 
Diameters: 4mm x 6mm, 3mm x 5mm Each Pin $ 6.00 


RADIUS & (Neck of Humerus, condyles of Tibia, 
ULNA Humerus and Femur) Complete Set $52.00 
SET 43 Each of 13 ths 8", BY". 9°. 
4", 5", 5/9", 6", 6/9", 7", TY", 8", 9", 9/9", 10" 
Ne. 206 Diameters: See 5mm, San x tum. . Each Pin $ 4.00 


Phalanges Clavicle, Jaw, Metacarpals, Condyles Complete Set $26.00 
SET #4 — Each set consists of 13 Longthe 

No. 207 2", 24", 3", Ma", 3¥4,",4" 

Diameter: 2mm x 3mm sis Each Pin $ 2.00 

FEMUR [For inserting below trochanter) Complete Set $67.50 


Each set arty of 9 Lengths y , 
13%", 14", 14944", 152", 16144", 17" 
7mm x ; Each Pin $ 7.50 


Every Orthopedist and General Surgeon has found to his own satisfaction that a 

diamond shaped pin will not permit fragmental rotation as the round pins cannot 
revent. Therefore, here is what you have been wanting for a long time. They have 
en proven over the years since World War Il. 


Check with yourself all the above advantages in each phase of your fracture work. 


Without doubt you will start using these as soon as possible, to your own and your 
patients’ complete satisfaction. 


Manufactured Exclusively By 


RICHARDS MANUFACTURING COMPANY 


The Complete Orthopedic Supply House 


756 MADISON AVE. PHONE 8-2566 
MEMPHIS 7, TENN. 


COPYRIGHT 1953—ALL RIGHTS RESERVED—RICHARDS M URING COMPAD 
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rheumatoid arthritis 


tablets 


Available in: 

5 mg. tablets in bottles of 50 

10 mg. tablets in bottles of 25, 100, 500 
20 mg. tablets in bottles of 25, 100, 500 


*Registered trademark for the Upjohn brand of hydrocortisone (compound F) 
THE UPJOHN COMPANY, KALAMAZOO, MICHIGAN 
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AGING CHANGES THE BONE PICTURE 


— 


lumbar vertebrae, magnified sagittal sections 


The vital role that estrogen and androgen play in the preparation and 
recalcification of bone matrix readily explains why declining sex hor- 
mone production which accompanies aging is most frequently the cause 
of osteoporcsis. Note typical atrophic changes characteristic of post- 
menopausal osteoporosis (fig. 1) in contrast to normal bone matrix 
(fig. 2). Reifenstein® is of the opinion that some degree of osteoporosis 
is almost “physiologic” after the menopause, and that clinical osteopo- 
rosis may be found in about 10 per cent of women over 50 years of age. 


With combined estrogen-androgen therapy, “pain in the spine and other 
bones is relieved considerably or completely in a matter of weeks to 
months,” and with extended periods of treatment, the prognosis for bone 
recalcification is good.* 

Combining both estrogen and androgen, “Premarin” with Methyltes- 
tosterone provides a dual approach for maximum efficiency in treating 
osteoporosis. A brochure outlining full details of therapy is available 
at your request. 


*Reifenstein, E. C., Jr., in Harrison, T. R.: Principles of 
Internal Medicine, Philadelphia, The Blakiston Company, 1950, p. 655. 


“Premarin” with Methyltestosterone is supplied in two potencies: the 
yellow tablet (No. 879) contains 1.25 mg. of conjugated estrogens equine 
and 10 mg. of methyltestosterone; the red tablet (No. 878) contains 
0.625 mg. and 5 mg. respectively. Both potencies are available in bottles 
of 100 and 1,000 tablets. 


“PREMARIN,.with METHYLTESTOSTERONE 


for combined estrogen-androgen therapy 
New York, N. Y., Montreal, Canada 
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NEW 


Daris Geck’s Spiral Wound 


Surgical Gul 


on a cylindrical 


reel! 


Saves time 
makes CUSU r 


Lies 


Surgeons welcome a new convenience —D & G 
Spiral Wound Surgical Gut. It is wound on a 
cylindrical reel—comes ready for immediate use 
in ligation and suturing. Spiral winding preserves 
all the original strength. None is lost through kinks 
or bends. 
Nurses, too, save time with Spiral Wound Gut. No 
more unwinding from an old style flat reel and re- 
For surer winding onto a rubber tube, glass rod or spindle. 
hand ties 


When the surgeon makes D & G foresees the surgeon's needs 
a series of hand ties, 
D & G Spiral Wound D & G Spiral Wound Gut is the latest Davis & Geck 
Surgical Gut uSsP contribution to improved suturing. “Timed-absorp- 
ay ne gga tion” surgical gut is another—this exclusive D & G 
method embodies accurately graded degrees of 
chromicizing. The suture resists digestion most 
strongly during the first postoperative days, when 
The gut should he greatest strength is needed. It is absorbed more 


straight rapidly when tissues have regained their natural 
immediately after 


strength. 
removal from the tube. 5 
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No. 310-71 
Kelly 
No. 310-231 extra lesge 
Deaver 


Mo. 310-216 


Deaver 
Tow 


New... 


No. 310-91 
Richardson 


This new Sklar-Grip Handle 
is available on all sizes of 
Kelly, Richardson and Deaver 
Retractors and can be 
supplied on most standard 
patterns upon request. 


SKLAR-GRIP HANDLE 


Answer to “Retractor Fatigue 


The new Sklar-Grip follows the contour 
of any hand. This modification assures 
exceptional comfort and control during 
any surgical maneuver, particularly 
where prolonged retraction is indicated. 


The Sklar-Grip Handle... 
Easy to hold... 
A new experience in balance and control 


LONG ISLAND CITY, N. Y. 


CAUTION: If the name 
SKLAR is not stamped 
on the instrument it is 
not a genuine Sklar 
Product 
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New Absorbent Padding 


WEBRIL” Promotes Skin Hygiene 


Protects Against Pressure Sores 
4 Unlike conventional 
cast padding mate- 
rials, Webril bandage, 
a Curity product, ab- 
sorbs perspiration 
and skin exudate. 
Protects against chaf- 
ing, and promotes 
better skin condition 
throughout immobi- 
lization period. Con- 
formable and cohe- 
sive, Webril is easy to 
apply — needs no ad- 
hesive or other band- 
age for anchoring. 


Like moist velvet in your hands, new 
OSTIC (Code 23) Plaster Bandage 
goes on smoothly, sculptures effort- 
lessly and precisely — providing accu- 
rate coaptation. Extra strong, too 
... over 97 per cent plaster retention. 


A real pleasure to work with, new 
OSTIC gives you that high quality 


New Plaster Bandage 
Handles Like Velvet 


Easy to Work With, Exceptionally Strong... 


New OSTIC Molds Precisely 


“creamy feel’? you want for smooth 
workability — but without sacrifice of 
fast wet-out, cast strength and con- 
trolled setting qualities. 

Try new OSTIC today. Let your 
own hands tell you its advantages. 
Your choice of fast or extra-fast-set- 
ting types, in bandages or splinis. 


(BAUER & BLACK) 


Division of The Kendall Company 


309 West Jackson Hivd. 


Chicago 6, Illinow 
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Every genuine Rush Medullary Pin that has 


ever been made was made by Berwuou 


MFG EXCLUSIVELY BY: 


| THE BERIVO 


PO BOX 185! 
Meridian, Miss. 
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BRUSH 
MEDULLARY PIN 


(PATENTED) 


the Sled-Runner 


1. TO ORIVE THROUGH 4. TO ROTATE HEAD 
CANCELLOUS BONE ROTATES POINT 


TO GUIDE PIN DOWN ToGuIDE BY 
MEDULLARY CAVITY PIN ROTATION 


TO SLIDE OVER TO CONTROL 
OBSTRUCTIONS BONE ROTATION BY 
POINT PRESSURE 


MFG. EXCLUSIVELY BY: 


| WRITE FOR INFORMATION | 20. BOX 185! 


NOTE: All outhentic Rush Pins bear the trademark convent? Meridian, Miss. 
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NOW!! NYLON WASHERS 


on ALL 
United States Manufacturing Co. 


BRACES! 


NYLON eliminates necessity 
of lubrication. 


NYLON eliminates scoring 
and binding. 


NYLON eliminaies loose 


noisy joints due to wear. 


NYLON gives smoother 
operation without need 
for frequent adjustment 
and maintenance. 


NYLON equipped braces are avail- 
able in both steel and aluminum, in 
drop-lock, free-lock and french-lock 
types. 

Insist that your orthotist fit your 
patients with United States Manufac- 
turing Co. NYLON equipped braces, 
thereby assuring your patient of a 
better fitting and less troublesome brace. 


For further information, 
see your orthotist or Part No. 132 
write direct to 


UNITED STATES COMPANY 


MANUFACTURERS of ALUMINUM and STEEL BRACE and ARTIFICIAL LIMB PARTS 
3453 Glendale Boulevard, Los Angeles 39, Calif. 
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Guaranteed A’S-R BLADES 
THE SHARPEST EVER MADE! 


The NEW EXCLUSIVE A. S. R. SHARPOMETER... 
the only device of its kind in the world... 
measures the CRITICAL EDGE-FINENESS of 

every lot of 


A. 8. R. SURGICAL BLADES 
EDGE-FINENESS determines perfect cutting 


qualities. Sharpometer Edge-Fineness tests enable 
A. S. R. to guarantee . . . precise, uniform 
sharpness and dependability for every single blade! 
NEVER AGAIN will the surgeon suffer embarrassment due to dull 
blades. A.S.R. SURGICAL BLADES... Sharpometer tested... 

are your safe-guards. quem 
PROVED SHARPNESS: Sharpometer tests on competitive blades — 
including re-sharpened ones, have proven... beyond a doubt... 

A.S.R. SURGICAL BLADES are uniformly sharper. 


NO WIPING REQUIRED — blades are wrapped in rust inhibiting paper. 


EVEN THE PRICE IS A PLEASANT SURPRISE 


Telephone, write or telegraph NOW for New Descriptive Booklet - 
“SHARP SURGEONS’ STEEL” 


AMERICAN SAFETY RAZOR CORPORATION 
HOSPITAL DIVISION 


380 MADISON AVE., NEW YORK 17, N.Y. 
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Cat. No. 6902 
Hip Prosthesis 
Modified Judet-Type 


INERT 


STRONG 


DURABLE 


BOILABLE 


NON-CORROSIVE 


TIME-PROVEN 


JUDET-TYPE HIP PROSTHESIS 


A strong, one-piece appliance that has proven very popular. 
Vitallium prostheses excel as femoral head replacements because 
they are completely tolerated by human bone and tissue. First used 
in 1939, Vitallium hip prostheses have proven their strength, 
durability, and inertness through many years of clinical use. 


The head is hollow for lightness and 


The complete resistance of the pas- 


sive Vitallium alloy to corrosion and polished for best function. The three- 
wear makes it eminently suitable for flanged nail provides strength, ease of 
endo-prostheses where appliances of insertion and prevents rotation. 
other materials have proven less Available in two head diameters and 
satisfactory. seven nail lengths to meet individual 
The one-piece modified Judet-type requirements. Head diameters 1%" and 
Vitallium appliance consists of a head 1%". Nail lengths 242" to 5" by 4" steps. 
portion with an extended skirt and a Specify head diameter and nail length 
stem of three-flanged hip nail design. when ordering. 


Order Through Your Surgical Dealer 


STENAL 


24 EAST 39th STREET NEW YORK 16, 


® 


ns: 
TALLIUM 
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@® by Austenal Laboratories, Inc. 


PINS, RACKS and COAGULATOR 
help you Set Fractures 


DE PUY DRILL BIT RACK 
All Stainless Stee! 


Holds your drills ready to use in sec- 
cate, with Drills in pesition is 
Heevy base prevents tipping. 


DE PUY ROUND 
INTRAMEDULLARY PIN 
With Rounded Tip, No Sherp Point 

€ Rounded end ef pin will net perforate 
osteal well as pin is drives thro 
medullery cencl. Other end h 
ever cortex. Finest quality SMo stain- 

less steel. 44 sizes to fit your needs. 


SCUDERI ELECTRO- 
COAGULATOR 
Does the work of an instrument cost- 
ing hundreds of deliars by using the 
electrical equipment you have. 


DE PUY SCREW RACK 
Stainless Steel 


Dial the screw yeu need by turning the cylinder. Entire unit is sterilized. Sterile screws can 
be remeved witheut teuching. New smaller compact unit or large model available. 


Write for folders describing these 4 NEW FRACTURE AIDS and our COMPLETE PRACTURE CATALOG 


Puyr MANUFACTURING CO., INC. 


| WARSAW, INDIANA 
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FOR GREATER STRENGTH AND SAFETY — 


pemano Genuine NEUFELD NAILS ana SCREWS 
NEUTRILIUM 


NEUTRILIUM® is the most non-corrosive metal known to science. Its proven super- 
strength lends an assurance of permanence to internal fixation of the trochanteric 


area. This neutral, non-magnetic, homogenetic alloy is entirely inert and therefore 


compatible with human bone or tissue, remaining unaffected by body chemistry. 


NEUFELD BONE SCREWS of NEUTRILIUM® are cold forged and, 
unlike other metals, appear to be unbreakable under maximum human pressures. 


Heads will not twist off during application or in actual use. 


GENUINE NEUFELD NAILS and SCREWS — of NEUTRILIUM® made only 
by MEDICAL RESEARCH SPECIALTIES, Loma Linda, California, are sold 


nationally by leading surgical and orthopaedic supply dealers 


NEUTRILIUM® is’a registered Trade Name of Medical Research Specialties. 


NEUFELD FEMORAL NAIL PLATE 


Used for internal fixation of intertrochanteric 
and subtrochanteric fractures 


Writ de 


MEDICAL RESEARCH SPECIALTIES 


Loma Linda, California 
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Stocked by leading wholesale 
druggists and surgical supply 
houses av a 4%, 1% or 2% 
solution witheut Epinephrine 
and with Epinephrine | :100,- 
000. 2% solution is also sup- 
plied with Epinephrine 
1:50,000, All solutions dis- 
pensed in SOee. and 20ec. 
multiple dose vials, packed 
5xS0ec. or 5x20cc. to a carton. 


af 
PREFERRED local anesthesia 


A 4th dimensional approach 
to preferred local anesthesia 


Write Department S2 for complete bibliography 


AS'TIRA PHARMACEUTICAL PRODUCTS, INC. 
WORCESTER, MASS. U.S.A. 


XYLOCAINE 
| ? 


Xylocaine® Hydrochloride (Astra) 
merits special consideration by the busy 
anesthesiologist and surgeon. Profound 
in depth and extensive in spread, its 
well-tolerated effect is more significantly 
measured by the time saved through its 
remarkably fast action, by which so 
much normally wasted “waiting time” 
is converted to productive “working 
time”. 


XYLOCAINE’ HCL 


Pronounced Xi lo‘’cain 


(Brand of lidocaine *HCL) 
AN AQUEOUS SOLUTION 
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STANDARD 
BLADES 


Bone Scoop 
No. 1004-100 


presents a Combination 
Bone Saw and Dermatome in One 
e Precision Instrument 
Large sectioned 
blade The Stryker Bone Saw is simple, safe and 
No. 1002-100 efficient to operate. Oscillating at 28,000 
strokes per minute, the saw cannot catch 
in drapes or sponges, nor throw blood. 
Equipped with five blades. Adaptable to 
Small sectioned many varieties of bone surgery. Saw blades 
blade can be changed quickly during operation. 


Complete with aluminum carrying case 


and five different blades. Specify 110 or 
220 volts. Either model operates on AC or 
DC. Both instruments with all accessories 
are easy to sterilize-autoclave or boil. 


Adjustable twin 


blade No. 1003 The Stryker Dermatome-Bone Saw 


combination gives you a new con- 

venience in skin grafting. Cuts grafts 

in 2%" strips, any thickness, any 

length, from any part of the body. 

Works most efficiently when used 

nd Cutting ite with transparent Stryker Skin Tape. 
No. 1002-200 Bi Ms ? Sewing is not always required. Skin 

retains its original tension. 


Includes Dermatome complete with 

blade, thickness gauges and supply 

of Stryker Skin Tape, plus bone saw, 

five blades, blade-holder, foam rub- 

ber-lined aluminum carrying case. 
Arbor only Specify 110 or 220 volts. Either 
No. 1002-A model operates on AC or DC. 


co SPECIAL BLADES AT EXTRA COST —_—_— 
Deep cutting 


Deepcutting gm Iliac graft Small bone 


biade, wide blade, narrow lg cutting blade VY cutting blade Long Arbor 


No. 1002-106 No. 1002-107 No. 1002-103 No. 1002-102 No. 1002-B 


ith 
ORTHOPEDIC FRAME COMPANY 
Dept. B Kalamazoo, Mich. 
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The first truly 
elastic handage 
that heat 
hurt 


New TENSOR is woven 
with Heat-Resistant live rubber threads 
for lasting elasticity 


It takes live rubber threads to make a truly 
elastic bandage. Up to now, however, the 
live rubber has posed a laundry problem, 
particularly in high temperature home and 
commercial dryers. 

But now, there’s a new Tensor that 
needs no special laundry care—a Tensor 
that has been tested at 280° F. for hours 
on end, with no appreciable loss of stretch. 
So, whether it’s new or has been laundered 
repeatedly, you can always be certain of 
its uniform, lasting elasticity in use. 

And Tensor puts the pressure in your 
hands, Doctor. Whether you bandage for 
low pressure or high, you get uniform pres- 
sure over the entire bandaged area. And 
Tensor will maintain the pressure you apply. 


Isn’t this the kind of elastic bandage you 
want your patients to wear? Why not have 
your nurse order them next time she replen- 
ishes office medical supplies. Available in 
doctor bulk put-ups at no increase in cost. 


New TENSOR 
ELASTIC BANDAGE 


Woven with Heat-Resistant 
live rubber threads 


| (BAUER & BLACK ) | 


Division of The Kendall Company 
309 West Jackson Blvd., Chicago 6, III. 


COMPARE THESE ELASTIC BANDAGES 


@/ Bandage with ordinary mubber | 
+@ TENSOR 


@ One-foot length of bandage made with 
ordinary rubber is stretched after high tem- 
perature drying—and stays stretched. Its 
elasticity ‘‘died’”’ in the dryer. 

@ But one-foot length of heat-resistant 
Tensor snaps back to its original length, 
even after prolonged exposure to near 
scorching heat of commercial dryer. 
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8”, sizes 4", #6", 14", 56", %", 1” and 14" 
Stainless Steel. 

0-255 SMITH - PETERSEN OSTEOTOME — curved, 

\ Stainless Steel. 

0-260 SMITH-PETERSEN GOUGE —straight, 8”, 


sizes %", and 1“. Stainless Steel. 
0-265 SMITH-PETERSEN GOUGE curved, 

sizes %", ie", %" and 1“. Stainless Steel. 

0-270 SMITH- “PETERSEN GOUGE — reverse 


curved, 8”, sizes "10", 94" and 1”. Stain- 


0-250 0-255 0-260 0-265 0-270 less Steel. 


A NEW STAINLESS STEEL CASE TO HOLD 
SMITH-PETERSEN 
OSTEOTOMES and GOUGES 


0-295 Open 


CASE 0-295 holds seven Smith-Petersen 
Osteotomes. 


CASE 0-296-— holds seven Smith-Petersen 
Gouges. 


CASE 0-297 —holds a combination of seven 
Osteotomes and Gouges. 


Cutting edges are protected at all times. 
Complete unit may be autoclaved. 0-295 Closed 


Specify Width of Gouges and Osteotomes When Ordering 


BOSTON “MASSACHUSETTS 
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Aeroplast 


The surgical dressing 
applied by SPRAY 


AEROPLAST suRGICAL DRESSING Offers 
new efficiency as a protective dressing for rou- 
tine surgical purposes. Used as the sole dressing 
agent in an extensive series of laparotomies, 
thoracotomies, herniorrhaphies, ileostom- 
ies, compound fractures, etc., as well as burns, 
skin graft donor sites, and severe excoriation, 
Aeroplast has clearly demonstrated important 
advantages over conventional dressing mate- 
rials and methods.* Aeroplast dressings are: 


transparent [hey permit continuous 
visual inspection of healing progress without 
removal. 


occlusive TJhicy seal contaminants out, 
vital fluids and electrolytes in (though suffi- 


cient vapor transmission occurs to prevent id 
accumulation of normal perspiration). ‘They - 
withstand washing. 


flexible Regardless of where applied, 
they “fit” and maintain their integrity. They ) PLASTIC BAND 


do not restrict desirable motion or circulation. 


sterite They are impermeable to bacteria. 
Properly applied to aseptic lesions, sterility is 
maintained as long as the dressing is allowed 
to remain intact. Aeroplast itself is bacterio- 


static. 

Aeroplast is applied with the press of a button, ong 934 
sprayed directly onto the lesion trom a self- 
contained aerosol “bomb”. It is non-toxic, More hydrocarbon 
non-sensilizing, non-allergenic. Dressings are low 


easily removed, after a period sufficient to — wor 


allow complete “‘setting”, by simple peeling. 


Supplied in 6 oz. aerosol-type dispensers through 
your prescription pharmacy or surgical dealer. 


Send for reprints and literature 


AEROPLAST CORPORATION 
422 Dellrose Avenue, Dayton 3, Ohio 


*Choy, D.S.J.. Clinical trials of a new plastic dressing for burns and surgical 
wounds. A.M.A Arch. Surg. 68:33-43 (Jan.) 1954 
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You'll be glad to prescribe 


shoes 


Alden-Pedic lasts are de- 
signed to accommodate your 
prescribed corrections and 
insertions, Extreme sizes 
stocked. Many styles avail- 
able for men and boys. Top 
quality only. 


SCIENTIFIC CONSTRUCTION 

e Long inside counter 

e Heavy gauge ribbed steel shank 

e Right and left angled heels, 
long inside 

e Patented bottom filler pre- 

vents insole lumping 


Alden-Pedic lasts and shoes have been scientifically designed and tested to 
accommodate specific and general degrees of foot disabilities. Doctors who 
become familiar with the functional merit of this program will be glad to 
prescribe these shoes as a foundation in the treatment and correction of 
foot disabilities. We do not claim that these shoes will correct abnormal 
foot conditions, but they will provide the types of basic footwear necessary 
as a foundation in aiding foot trouble and in offering foot comfort. We 
know you will be glad to recommend them. 


FOR BOOKLET AND NAME OF NEAREST DEALER, WRITE 


C. H. ALDEN SHOE COMPANY 


BROCKTON, MASSACHUSETTS 
Coston Bectmakers Seas 1884 
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TROPIDORES' 


a new apparatus for sustained localized heat therapy 


Heart, used alone or in con- 
junction with chemotherapy 
and other physical technics, 
is often the treatment of 
choice in 


vascular disturbances 
arthritis 

poliomyelitis 
orthopedic problems 
postoperative care 


Tropidores offers heat at its 
best—controlled, sustained, 
localized, and comfortable — 
assuring effective therapy and 
the patient's willing coopera- 
tion, with absolute safety. 
Write for 
Complete Information 


e CONTROLLED e CONSTANT 


SAFE AUTOMATIC 


Now you can prescribe localized heat therapy with com- 
piete confidence—confidence in unvarying temperature 
for as long as desired, and absolute safety, with Tropidores. 
Tropidores provides these outstanding benefits: 

1. Continuous flow of warm air, dry or moist, for full 
treatment period—days or weeks! 

2. Constant temperature +'4°F, variation, electronically 
controlled* to your prescription. 

3. Wide range in temperature available—96°F. to 140°F, 
4. Tremendous time and labor savings because the pa- 
tient is relatively independent, needs minimum nursing 
attention—the machine does the work, not the attendant. 
5. Finger-tip controls for ease and speed in initiating 
adjusting and maintaining therapy. 


*Minneapolis-Honeywell "Electronic Moduflow” 
U.S. Pat. No. 2051524 


Laboratories Company 


In answering advertisements, 


MALVERN 2, FRAZER, PA. 
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“Follow 
Through” 
Is Our 

Specialty, 
Too 


I, CARING for ailing or deformed feet, 


Non-Metallic you must be sure your prescriptions will 
Muscle-Building be filled with exacting accuracy. For over 
Arch Cushions three decades, skilled technicians in our 


modern laboratory have meticulously 


“followed through” in fashioning the or- 


S le thopaedic appliances which help doctors 


achieve their desired results. Only highest 


quality materials are used — all orders are 


Posture Plates filled promptly. You can rely on Kleistone 


perfection to meet your highest profes- 


sional standards. 


( vomplete catalogue free upon request 


KLEISTONE RUBBER COMPANY, Inc. 
Established 1919 
Warren, Rhode Island, U. S. A. 
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WATER AND 


URINE RESISTANT 


5-8 TES 
FAST-SETTING 
BANDAG 
THREE 
YAROS 
LONG 
ONGER | 


DEPENDABLE ALWAYS..... 
Orthopedic PILOT POINT 


SCREWS 


QUALITY 
gor REPEAT VOLUME 


w4 


HEAD 
STYLES 


Orthopedic bone screws aie of stainless steel, have the proven pilot- 
point, are highly polished and free of particles ... vital to exacting 
bone surgery. Available in fine and coarse threads; in the popular 
single slot, and 3 other head types designed to give a better bite and 
reduce the hazard of head slot mutilation. 
Standard lengths: 1", 1%", 1%", 1%", 1A", 
1%”, 1%”, 1%", 
Longer lengths: 2%", 2%", 3”, 34%", 3%", and 4”. 
Other styles: 
313 —Eggers bone screws (used with 312 Eggers Bone Pilates) 
—Sizes to intervals. 
126M—Modified bone screws—End threads are relief ground to 
give screw its own self-tapping point. Fine threads with 
Va’ concave cross slot head. Recommended for use with 
309 Slotted Bone Plate. Sizes to 2’ — 4" intervals. 


AVAILABLE 


SINGLE SLOT HEAD 


CRCSS SLOT HEAD 


tec £0 UIPM ENT C 0. 


SPLINTS + FRACTURE EQUIPMENT - SMo INTERNAL BONE APPLIANCES - BONE INSTRUMENTS 
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CONCAVE Cross'SLOT 
Order today from your surgical supply dealer 
Othopec | 
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Sabel’s *Open Toe Pre-Walker Club Foot Shoe 


* This latest Pre- for INFANTS CARRIED IN 
Walker Club Foot STOCK 

shoe will allow for 
closer fittings. It 
will enable you to 
see that the toes 
are in correct posi- 
tion, and that the 
heel is well down 
in the shoe. 


The Pre-Waltker 
Surgical shoe with 
OPEN TORE, the 
matching shoe 
where only one 
foot requires the 
Pre-Watlker Club 
Foot-shoe. 


Strap over instep 
holds heel down 
into place 


Sole removed to 
show flat steel 
plate extending 
from heel to toe 


LEFT 


RIGHT 


HIS Pre-Walker Club Foot shoe is designed and made for infants to be worn until the 
child can stand or walk alone. The ““-PRE-WALKER” Club Foot shoe can be worn by 
the infant at all times, and also can be kept on while the child is in bed. Its function is 
to keep the foot in the exact position that the physician has obtained. 

As the infant progresses to the point of walking or standing alone and further corree- 
tions are required, then the regulation Sabel Club Foot shoe can be used until the fixa- 


tion desired has taken place. 


I. SABEL, Inc. 


1207 Chestnut Street Philadelphia 7, Pa. 


BOOKLET WITH COMPLETE DETAILS ALSO DEALERS’ NAMES UPON REQUEST 


Made Exclusively by 


THOMPSON BROS. SHOE CO., Brockton, Massachusetts 
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Cost of therapy with HYDROCORTONE is now substantially the same as with cortisone. 


Offers significant advantages 
in treating rheumatoid arthritis 


(HYDROCORTISONE, MERCK) 


HYDROCORTONE possesses greater anti-rheumatic activity and is 
reported to be better tolerated than cortisone. Reports emphasize that 
hydrocortisone has produced clinical improvement faster than cortisone 
and with smaller doses. In several cases, endocrine disturbances en- 
countered during cortisone therapy have been reported to disappear or 
diminish when the smaller but equally effective doses of hydrocortisone 
were substituted. Boland, E. W. and Headley, N. E., J.A.M.A. 148:981, 
March 22, 19852. 

SUPPLIED: ORAL —HyDROCORTONE Tablets: 20 mg., bottles of 25 tablets; 10 
mg., bottles of 50 tablets; 5 mg., bottles of 50 tablets. 


ALL HYDROCORTONE Tablets are oval-shaped and carry this trade-mark : 
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UNIVERSAL 
PNEUMATIC 
TOURNIQUET 


NEW! 
ADVANCED 


Only one size needed 


for full hemostasis 


in adults and children 


PLUS 


the exclusive feature 


gives complete access 


to the surgical neck 


of the humerus 


Two sizes axilla pads and easy-to-operate 
pump supplied. Pressure gauge marked in 
milimeters of mercury. Average arm and 
leg pressure indicated, also pounds per 
square inch. Pump and gauge assembly 
fitted with hook can be attached to operat- 
ing table during use. Orlon fabric used 
throughout. All metal parts are nickel 


plated. 
Price, complete with all-metal case 
$65 


you should specify 


universal pneumatic 


Although ideal for normal use, the Universal Pneumatic Tour- 
niquet gives complete access to the surgical neck of the 
humerus with its new feature —a pressure pad (two are 
@ One unit for all purposes supplied), that snaps on the tourniquet sock and fits high 
@ Easy and quick to apply up in the axilla, and a harness which holds the tourniquet 
@ Simple to adjust during use on the shoulder. A simple, one-buckle strap and hook keeps 
@ Exclusive slow-release valve he complete assembly in position. 


tourniquet 


Order from your dealer, or write direct. 


4328 MILWAUKEE AVENUE Chicago 4 41, Ilinois. 
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Improved JUDET FEMORAL HEAD 
NEW 

OBLIQUE 

PLANE 


No. P1760 OSSACRYL 


| PS No. M1760 SMO steel 
| | ADVANTAGES P1760 


! % Support plane near the horizontal 
% Saving of cortex % Avoiding of shearing stresses 
% Bearing surface doubled % Suppression of rotation, loosening, tilting 
% Possibility of vascularization %& Suppression of necrosis 


GUIDED OSTEOTOME 
for Section at 60° 


OSSACRYL 


Humerus Head 


39, 41, 43, 45 mm 
(Hicks Type) 


No. P1730 No. P1914 Head Diam.: 


METAL AND OSSACRYL ENDO PROSTHESIS 


For complete descriptions of above, please refer to our catalog 


AMERICAN OSSACRYL COMPANY 


15 Park Row New York 38, N. Y. 
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F irst the last, then the leather, and, Preservers is the result of the knowledge 


finally, the workmanship. It is because and skill acquired in more than three 
of the exacting care taken in each step quarters of a century of fine shoemaking. 
of shoemaking that Selby Junior Arch When you recommend shoes for chil- 
Preserver Shoes are widely recommended dren, please remember—Selby Juniors 
for infants and children. are the only genuine Arch 

Selby Junior Arch Preservers are built Preserver Shoes for children. 


on broad toed lasts, skived out on the 

inner border at the heel to accommodate 

wedging. Upper leathers are light, strong, 

flexible, long-wearing, of highest quality. 

Insoles are made of extra heavy weight 

leathers to eliminate ridges and curling, The only 

with oak bend outsole, Viscolized for genuine Arch 
resistance to moisture and for longer Preserver Shoes 
wear. It takes one hundred and seventy for children Y “ 
precise operations to make each shoe. 
The excellence of Selby Junior Arch 


WEDGE CONSTRUCTION BROAD BASED HEEL 


@ If Selby junior Arch Preservers are not avail- R ARCH PRE FRVER 
able in your city, please write directly to us. 
The Selby SHOES 
Shoe Company 


Portsmouth, Ohio 


MORE THAN THREE QUARTERS OF A CENTURY OF FINE SHOEMAKING 
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LOTTES TIBIAL NAIL 


LOTTES TRIFLANGE TIBIAL NAIL 
Tibial Nail diameters: and 


18-8 SMo Stainless Steel nail made in 2 inch 
lengths from 9 to 141 inches. 

The triflange nail is also available for femur, 
humerus, radius, and ulna. 

The driver and extractor can be used with 
any of the triflange nails. 


DRIVER AND EXTRACTOR 


J) q 
COMPOUND FRACTURE WHICH WAS  DEBRIDED, 
CLOSED, AND PLACED IN CAST ON ADMISSION WOUND AND CLOSED NAILING 


For further information, please write to 


CHAS. A. SCHMIDT SURG. INST. CO., ST. LOUIS 8, MISSOURI 
3689 Olive Street 
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HE Suction Socket Prosthesis has 
|e one of the most important 
prosthetic developments in recent 
years. Based on entirely new con- 
ceptions of design, it is secured 
solely by muscular and _ suction 
action, the hip 
joint and all belts and straps. With 
this prosthesis the wearer enjoys 


and _ eliminates 


greater comfort, control, and util- 
ity than ever before possible. 

We attribute our proven record 
of 90% successful Suction Socket 
applications to: ONE, careful ex- 
amination, since not all amputa- 
tions are suited to this type of 
prosthesis; and TWO, correct fit- 
ting, in order to retain the suction 
action yet avoid discomfort. 

HANGER clients are examined 
and fitted by ‘'Certified Suction 
Socket Fitters." These Fitters are 
certified after examination by a 
Certification Board composed of 


OVER 90% 


OF HANGER 
SUCTION SOCKET CASES 
SUCCESSFUL 


representatives of the industry and 
orthopaedic surgeons. 

HANGER has been, and is to- 
day, a leader in the field of Suc- 
tion Socket Prosthetics. We took an 
active part in the basic research 
with the Veterans’ Administration, 
the Committee on Artificial Limbs 
of the National Research Council, 
and the Surgeons General of the 
Army and the Navy. 

HANGER today offers profes- 
sional Suction Socket service to 
amputees and doctors throughout 
the country. We have more than 
50 Certified Suction Socket Fitters 
in our many offices in key cities 
throughout the United States (see 
list below)—MORE THAN ANY 
OTHER PROSTHETICS MANUFAC- 
TURER. We welcome the oppor- 
tunity to furnish appliances to 
and to 


surgeons’ prescriptions, 


render any service desired. 


RICHMOND 19, VA. 
ROANOKE 11, VA. 
SAN FRANCISCO 2, CALIF. 
ST. LOUIS 3, MO. 
TAMPA, FLA. 
TOLEDO, OHIO 
WASHINGTON 13, D. C. 
WILKES-BARRE, PA. 


CINCINNATI 2, OHIO 
COLUMBIA, S. C. 
COLUMBUS 8, OHIO 
INDIANAPOLIS 2, IND. 
JACKSONVILLE, FLA. 
MEMPHIS, TENN. 
MIAMI, FLA. 
MILWAUKEE 4, WIS. 


MORGANTOWN, W. VA. 
NASHVILLE, TENN. 
NEW ORLEANS, LA. 
NEW YORK 11, Y. 
OKLAHOMA CITY 3, OKLA. 
PHILADELPHIA 7, PA. 
PITTSBURGH 30, PA. 
RALEIGH, N.C. 


ALBANY 6, N. Y. 
ATLANTA 1, GA. 
BALTIMORE 1, MD. 
BIRMINGHAM 1, ALA. 
BOSTON 16, MASS. 
CHARLESTON 2, W. VA. 
CHARLOTTE 2, N. C. 
CHICAGO 7, ILL. 
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U. S. PATENT NO. 2,634,723 


The All-Rubber Heel F ing Cas 
eniG All-Rubber Heel For Walking Casts 


FEATURING: 


bey 


HOLLOW HEEL 
FOR RESILIENCY 


DEEP FLANGES ON BOTH 
ENDS anchor heel firmly 
to cast 


NEUTRAL COLOR 
WILL NOT MAR FLOORS 


MOLDED IN ONE PIECE 
FLEXIBLE SOLE PLATE 
NON SKID TREAD 


3 SIZES FILL ALL REQUIRE- 
MENTS 


No. 250L, per dozen 
No. 2505S, per dozen 
No, 250ES, per dozen 


Gross Lots, 10°/, Discount 


MANUFACTURED EXCLUSIVELY BY 


WhichHt MANUFACTURING COMPANY 


FRACTURE EQUIPMENT © ORTHOPEDIC INSTRUMENTS 
739 JACKSON AVENUE ¢ TELEPHONE 37-2769 © MEMPHIS 5, TENNESSEE 
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No. 250 L ey 
No. 250 $ 
$10.00 
$2.00 
$ 8.00 
= 


BETTER HYPEREXTENSION 


LESS BULKY 

EASIER APPLIED 

MOST COMFORTABLE 

MORE FREEDOM OF ACTION 

MORE POSTURE CONFORMING 

LESS PRESSURE DISCOMFORT 
MODEL 
BETTER PATIENT ACCEPTANCE 
EASY TO ATTAIN HYPEREXTENSION 
LEVER ACTION HYPEREXTENSION PULL 
SIMPLE TELESCOPING SIZE ADJUSTMENT 


* PAT. APPLIED FOR LESS EXPENSIVE 


Send for simple measuring charts. Order with confidence, if 
not entirely satisfied return within 10 days, no obligations. 


Dealer Inquiries Invited 


( cLate_ 


P.O. Box 362 
913 Kuhl Avenue Orlando, Florida 
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Wanted 


The Editorial Office of The Journal is constantly having calls for back issues of 
The Journal and desires to know where copies of the following issues may be obtained 


when needed 


Tue AMERICAN JOURNAL OF ORTHOPEDIC SURGERY 


1908-1904: Vol. 1, Nos. 1, 2, 3, and 4; August, November 1903; February, May 1904. 
1904-1906: Vol. IL, Nos. 1, 2, 3, and 4; August, October 1904; January, April 1905. 
1906-1906: Vol. I11, Nos. 1, 2,3, and 4; July, October 1905; January, April 1906. 
1906-1907: Vol. IV, Nos. 1, 2, 3, and 4; July, October 1906; January, April 1907 
190) 


1908: Vol. V, Nos. 1, 2, 3, and 4; July, October 1907; January, April 1908. 

1908-1909: Vol 

/ 

/ 


2 
2 


2, 3, and 4; August, November 1908; February, May 1909. 


VI » 
1909 (910: Vol. VIL, Nos. 1, 2, 3, and 4; August, November 1909; February, May 1910 
1910-1911: Vol. VILL, Nos. 1, 2, 3, and 4; August, November 1910; February, May 1911 


1911-1912: Vol. 1X, Nos. 1, 2, 3, and 4; August, November 1911; February, May 1912. 


1912-1913: Vol. X, Nos. 1, 2, 3, and 4; August, November 1912; February, May 1915 
1913-1914: Vol. XI, Nos. 1, 2, 3, and 4; July, October 1913; January, April 1914. 

1914 1918: Vol. XL, Nos. 1, 2, 3, and 4; July, October 1914; January, April 1915 

1916: Vol. XIL, Nos. 1 and 2; July, October 

1916: Vol. XIV, All twelve issues 

1917: Vol. XV, Nos. 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10; January, February, March, April, 


May, June, July, August, September, and October. 
1918: Vol. NVI, all twelve issues. 


Tue JOURNAL OF ORTHOPAEDIC SURGERY 

191%: Vol. | (Old Series Vol. XVID), Nos. 1, 2, 3, 4, 5, 6, 7, 9, 10, 11, and 12; January, Feb- 
ruary, March, April, May, June, July, September, October, November, and De- 
cember 

1980: Vol. Il (Old Series Vol. X VIII), all twelve issues. 

1921; Vol. IIL (Old Series Vol. XIX), Nos. 1, 2, 3, 4, 6, 9, 10, 11, and 12; January, Feb- 

rurry, March, April, June, September, October, November, and December. 


Tue JOURNAL Or BONE AND JOINT SURGERY 
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1923: Vol. V (Old Series Vol. X XI), Nos. 1, 2, 3, and 4; January, April, July, and October. 

1024: Vol. VI (Old Series Vol. XXII), Nos. 1, 2, 3, and 4; January, April, July, and 
October 

1926: Vol. VIL (Old Series Vol. XXIII), No. 1; January. 

1926: Vol. VILL (Old Series Vol. XXIV), Nos. 1, 2, 3, and 4; January, April, July, and 
October 

1927: Vol. IX (Old Series Vol. XXV), Nos. 1, 2, 3, and 4; January, April, July, and Oc- 
tober 

1928: Vol. X (Old Series Vol. XXVI), Nos. 1, 2, and 3; January, April, and July. 

1929: Vol. XL (Old Series Vol. XXVIII), Nos. 1, 2, and 4; January, April, and October 

1930° Vol. XIL (Old Series Vol. XX Vili), Nos. ! and 2; January and April 

1931- Vol. (Old Series Vol. XXIX), No. 1; January. 

1982: Vol. XIV (Old Series Vol. XXX), No. 4; October. 

1933: Vol. XV (Old Series Vol. XX XI), No. !: January. 

1984: Vol. XVI (Old Series Vol. XXXII), No. 4; October. 

1936: Vol. XVII (Old Series Vol. XX XIII), Nos. 1, 2, 3, and 4; January, April, July, and 
October 

1937: Vol. XIX (Old Series Vol. XX XV), Nos. 1, 3, and 4; January, July, and October 

1988: Vol. XX (Old Series Vol. XXXVI), Nos. 1, 2, 3, and 4; January, April, July, and 
October. 

1939: Vol. XXI1 (Old Series Vol. XX XVII), Nos. 1, 2, 3, and 4; January, April, July, 
and October 

1940: Vol. XXII (Old Series Vol. XX XVIII), No. 1; January. 

1941: Vol. XXIII (Old Series Vol. XX XIX), No. 1; January. 

1944: Vol. XXVI (Old Series Vol. XLID), Nos. 1, 2, 3, and 4; January, April, July, and 

October 

i: Vol. XXVII (Old Series Vol. XLIII), No. 2; April. 

Vol. XXIX (Old Series Vol. XLV), Nos. 1, 2, and 3; January, April, and July. 

948: Vol. XXX-A, No. 1; January 


Any reader having copies of the above, which he is willing to dispose of, is requested 
to correspond with the Editor 
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FUNCTIONAL RESULTS OF HIP ARTHROPLASTY 
WITH ACRYLIC PROSTHESIS * 


BY R. MERLE p'AUBIGNE AND M. POSTEL, PARIS, FRANCE 


Six hundred and twenty-one arthroplasties of the hip have been performed since 
the beginning of 1948 in the Clinique chirurgicale orthopédique et réparatrice of the Hépital 


Cochin and in our private practice (Table 1). 


TABLE I 


Hip ARTHROPLASTIES 


Trauma 131 
Osteo-arthritis 264 
Congenital subluxation 104 
Congenital luxation 66 
Rheumatoid arthritis 14 
Spondylitis ankylosans 26 
Miscellaneous 16 


Total 621 


Careful follow-up has enabled us to determine the functional result in the great 
majority of our patients (243): of the 340 patients operated upon for osteo-arthritis, 
trauma, or congenital subluxations of the hip from six months to five years previously, six 
died (three from postoperative embolisms and three from intercurrent disease later) 
and eleven were lost to follow-up. All of the other patients have been reviewed at four 
months, at six months, and at one year after the operation. Thereafter, the patients have 
been examined once a year, 

TECHNIQUE 

From 1947 to 1948, the technique advised by Smith-Petersen was used as exactly as 
possible. In a certain number of patients, however, in whom extensive excision of the 
femoral head was necessary, we inserted the Judet acrylic prosthesis through the anterior 
approach. 

As the early results in patients in whom acrylic femoral-head prostheses had been 
inserted were slightly better than the results in those in whom Vitallium cups had been 
used, we progressively came to prefer, during the year 1948, the use of the acrylic pros- 
thesis. We used Hueter’s anterior approach, a conservative excision of the head, and 
reaming of the acetabulum in order to make it fit the acrylic head exactly. In patients 
with osteo-arthritis, we always resected the capsule. 

The prosthesis used was a slightly modified Judet prosthesis. There was a longer and 
stronger sleeve at the base of the head. This was exactly fitted around the neck stump 
which had been shaped by means of a special instrument. It was hoped that this exact 
fitting would prevent fracture of the stem; this proved after some time to be unfounded, 


* Read at the Annuai Meeting of The American Orthopaedic Association, Hot Springs, Virginia, July 1, 1953. 
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TABLE II 


Hire AnruropLasties wirh Acrkytic ProsrHesis: Fottow-up 


(Trauma to Hip, Osteo-Arthritis, and Subluxations) 


Total no. of patients 
No. of patients operated upon Jan. 1948 to Nov. 1952 
No. of patients operated upon in subsequent six months 
Deaths 
Postoperative 
From intercurrent disease in first year 
Lost to follow up 
Followed-up (not including patients operated upon in last six months) 
Less than one year 
(One to two years 
Two to three years 
Three to tour years 


Four yeurs or more 


for in patients in whom bone absorption occurred at the end of the neck stump the sleeve 
became loose. Thus, after having observed several fractures of the stem, we began to use 
a Judet prosthesis with a steel re-enforcement. 

\t the beginning of 1949, a review of the results in our patients showed 25 to 30 per 
\ careful study of these suggested that most of the 


cent. of the results to be fair or poor 
partial or complete failures were due to the inadequate mechanical conditions of the 


new 

The following points appeared to be particularly important: 

1. The conservation or restoration by the prosthesis of the normal length of the 
femoral neck (Figs. 1-A through 2-C). 
2. The correction of anteversion, which was achieved in three ways: 


m 422 


Fig. 1-A: Congenital subluxation with osteo-arthritis 
Fig. 1-B: Fourteen months after arthroplasty. Very bad result. The neck is too short, and anteversion 
has not been corrected, This patient was subjected to an arthrodesis 
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Fig. 3: Correction of anteversion 
by the oblique insertion of the pros 
thesis 


Fig. 4: Correction of anteversion by 
osteotomy. An intramedullary nail is 
inserted, The femur is cut and is ro 
tated around the nail. The crossing of 
the nail and of the stem of the pros 
thesis makes this technique difheult 
Insertion of a cervico-capital pros- 
thesis is prele rable 


hia 


\. By the oblique insertion of the prosthesis. A moderate anteversion can be cor- 
rected by inserting the prosthesis in a plane more nearly frontal than that of the neck 
(Fig. 3) 

B. By derotation osteotomy of the diaphysis. In six cases, strong anteversion was 
corrected by a step-shaped osteotomy performed around an intramedullary nail. This 
was done in the same stage as the arthroplasty. The crossing of the nail and of the pros- 
thetic stem is a delicate step of the operation (Figs. 4, 5-A, and 5-B). 

(. By the insertion of the cervico-capital prosthesis. We now prefer to correct 
strong anteversion by the insertion in the corrected direction of our cervico-capital 
prosthesis (Figs. 6-A and 6-B) 

4. Proper fitting of the acetabulum to the prosthetic head: This was difficult to do in 
congenital conditions. The necessity of obtaining a good exposure of the posterior and 
inferior parts of the acetabulum, as well as of the anterior part, appeared evident. 

From 1949 to the end of 1952, our technique was modified as follows: 

1. Gibson's posterolateral approach was used in all patients in order to obtain 
a good exposure of all parts of the acetabulum and to enable a thorough evaluation and 
correction Ob anteversion 

2. The normal length of the femoral neck was conserved whenever possible. The 


normal length of the femoral neck was restored by the insertion of the cervico-capital 
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5-B 


Bilateral congenital dislocation. In the right hip, anteversion of 80 degrees has been corrected by 
derotation osteotomy during the arthroplasty. Very good result. In the left hip, anteversion has been 
corrected by the oblique insertion of the prosthesis. Very good result after two years 
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prosthesis when the neck had been absorbed or was congenitally short or had had to be 
resected for a pathological condition. 


Fic, 6-B 
Congenital dislocation of the right hip had been previously operated upon with a poor result. Arthro- 
ne y with the cervico-capital prosthesis and correction of the anteversion brought about a good result. 
n the left hip residual subluxation was corrected by arthroplasty in which a Judet prosthesis was used 
Very good result 
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3. The prosthetic head 
was exactly fitted to the 
acetabulum. 

More recently, at the 
end of 1952, a review of late 
results showed that there 
was late functional deterio- 
ration among formerly good 
or fair results in 15 per cent. 

Deterioration appeared 
to be caused by bone absorp- 
tion around the prosthesis. 
Believing that absorption is 
due to a too great pres- 
sure of the stem of the Judet 
prosthesis on the wall of 
the cervical canal, we have 
been brought to use our 
cervico-capital prosthesis 
with a long intramedullary 
stem (Fig. 7) even in pa- 
tients in whom the shortness 
of the neck did not make 
it necessary, at least in rela- 
tively young patients. 
Present Technique 

1. Approach: We use in 


all cases Gibson’s excellent 
posterolateral approach 


which consists in a slightly Fie. 7 
posteriorly curved incision, The cervico-capital prosthesis (modified from that of J. Gosset) 
with the long intramedullary stem and flat weight-bearing surface. 


fifteen centimeters long, on 
the lateral aspect of the 
trochanter through the skin and fascia lata, together with the section of the glutaeus 
medius tendon around the trochanter and section of the glutaeus minimus tendon. 

2. A T-shaped opening of the capsule is made along its iliac insertion in patients with 
trauma, while excision of the capsule is done in patients with osteo-arthritis. 

3. The hip is dislocated. 

4. Acetabulum: Nothing is done to the acetabulum when it is sound in patients 
with trauma to the hip. In patients with osteo-arthritis, conservative excision, with 
careful removal of bone formations at the inferior and posterior borders, is performed. 
The acetabulum is carefully reamed to make it spherical and to make it fit the pros- 
thetic head exactly. In patients with congenital subluxations, a new acetabulum has 
to be created in the posterior and inferior part of the shallow cavity. In patients with 
high congenital disclocations, the acetabulum’ is made in the normal place or slightly 
higher. 

5. Femoral head and neck: In old patients with a sound and normally anteverted 
femoral neck, we still use the Judet prosthesis (with steel re-enforcement) which has 
been modified by being made with a strong, long sleeve and which is exactly fitted by means 
of a special instrument. In all other patients, we use the cervico-capital prosthesis with an 
intramedullary stem. In these patients, the femoral neck may have been absorbed (non- 
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Bilateral congenital dislocation previously treated by osteotomy. There was severe pain and a per- 


manent abduction deformity. Arthroplasty was performed on both sides with the insertion of 
cervico-capital prosthesis. Very good result after six months 
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Chart I 


Follow-up. 
(Reproduced by permission from Mémoires de U Académie de Chirurgie, 79: AGL, 1953.) 


union) or the neck may be strongly anteverted, congenitally short, or involved in a 


pathological condition. The cervico-capital prosthesis is used in all patients under sixty. - 
The neck is resected in two planes: one vertical and sagittal between the trochanter and : 
the base of the neck and the other horizontal just above the lesser trochanter. The medul- ; 
lary canal is opened, and, if necessary, it is widened to permit the insertion of the big steel 

stem of the prosthesis. The prosthesis is hammered in. The bone sections, however, are ' 


made to conform exactly to the prosthesis before it is hammered into place. 
6. Finally reduction of the prosthesis into the acetabulum and suture of the tendons 


and fascia lata with steel wire are done. 


TABLE III 


Merrnop or GRADING FUNCTIONAL VALUE Or Hip * 


Ability to Walk 


Mobility 


Pain 


Ankylosis with bad position of — None. 
the hip 
I Pain is severe even at night. No movement; pain or. slight 


Pain is intense and permanent 


Only with crutches. 


deformity. 
Pain is severe when walking; — Flexion under 40 degrees. 


Only with canes. 


te 


prevents any activity 
3 Pain is tolerable with limited Flexion between 40 and 60 de- With one cane, 
hour; very difficult without a 


less than one 


activity grees 


cane. 


{ Fain is mild when walking; it Flexion between 60 and 80 de- A long time with a cane; short 
disappears with rest grees; patient can reach his time without cane and with 
foot limp 


Flexion between 80 and 90 de- Without cane but with slight 


5 Pain is mild and inconstant; 


normal activity grees: abduction of at least 15 limp. 
degrees 
6 No pain Flexion of more than 90 degrees; |= Normal. 


abduction to 30 degrees. 


Adapted from Tableau 1, Revue Orthopédie, 35: 542, 1949. 
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TABLE I\ 


FUNCTIONAL GRADING Or THE Hip 


Mobility Normal or Nearly Normal 


Ability to 
Walk 


Very good P + W = 1lor 12 
6 6 Walk without cane, with no pain and no limp 
6 5 Walk without 


5 6 Walk without 


ane, with no pain but with slight limp. 


‘ane, with no limp but with slight pain when starting. 


P+W =10 


Crood 
5 5 Walk without 
Walk without 
6 | Walk without cane, without pain; a cane used to go outdoors. 


‘vane, with slight pain and slight limp. 


‘ane, with pain but no limp 


Medium 
5 ! Slight pain; a cane is used outdoors 
1 5 Pain after walking some minutes; no cane is used but there is a slight limp. 


No pain; & cane is used all the time 


P+W=8 


5 3 Slight pain; a cane is used all the time 


Pain after walking; a cane is used outdoors. 


P+ W 


= 7 or less 


Poor 


Mobility 


Reduced 


mobility is reduced to 4, the result is classed one grade lower. 


If the 


If the mobility is reduced to 3 or less, the result is classed two grades lower. 


Prosthesis 


Our cervico-capital prosthesis is made of acrylic with the head and neck cut at its 
inferolateral end by two flat surfaces meeting at right angles. The vertical surface must 


be adjusted to the medial aspect of the trochanter, and the inferior surface must rest on 


the base of the neck immediately superior to the lesser trochanter. A strong steel stem, 


twenty-five centimeters long, which is inserted into the plastic material goes down into the 


medullary canal. [t is cylindrical at its superior third, triangular in its medial part, and 


flat at its inferior third in order to conform to the posterior curve of the shaft. 


We began to use this prosthesis at the beginning of 1951, and we have used it in 


sixty-five cases. The results to the present have been satisfactory. Three criticisms of its 


use can be made 
1. As with all acrylic prostheses the wearing-out of the material is to be feared; 


2. Its insertion demands the complete excision of the femoral neck; 


3. It is necessary to fit the individual patient with the proper sized prosthesis, and 


in some cases the prosthesis has had to be especially made after accurate measurements 


on the roentgenograms had been taken 


lor these reasons, we are now working on a prosthesis of the same shape but made 


of stainless steel. This prosthesis will allow its length to be adjusted. 


RESULTS 


In this paper only the results of arthroplasty with the insertion of an acrylic prosthesis 


in traumatic and degenerative conditions, as well as subluxations, will be reviewed. 
Four hundred and five patients have been subjected to arthroplasty. Six died within 
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TABLE V 
Meruop or THE EVALUATION OF IMPROVEMENT BrouGutr ABOUT BY OPERATION 
IN AFFECTIONS OF THE Hip 


(Relative Result) 


Preoperative Grading Postoperative Grading Difference — Improvement 


Pain 3 5 2xX2=4) 
Mobility 2 5 3 = 3 = 
Ability to walk 3 4 1xX2=2 

Very great improvement = 12 or more 

Great improvement =7Ttoll 

Fair improvement =3to7 

Failure = less than 3 


the first year and eleven were lost to follow-up. The duration of follow-up for 323 patients 


is shown in Table II and Chart I. 
Early results at the end of the first postoperative year are available in 225 cases. 
Late results from one and a half years to four and a half years after the operation are 
available in 153 patients. The shortest period of follow-up for these patients is eighteen 
months and the longest is fifty-four months, the average being twenty-nine months. 
To ensure an objective appreciation of the results, we have used the method of grading 


shown in Table IIT. 

The results are classified in two ways: absolute results (the evaluation of the functional 
value of the hip after the operation) (Table IV) and relative results (the appreciation of the 
difference between the preoperative and the postoperative functional states, in other 
words, the functional benefit brought to the patient by the operation) (Table V). 

For function of the hip, painlessness and ability to walk are much more important 
than mobility. For this reason, the first and last numbers are multiplied by two. In this 
way the grading may be used to compare the results of arthroplasty with those of arthrod- 
esis. For example, a successful arthrodesis in a patient who had a painful congenital dis- 


location will give: 


Preoperative Postoperative Difference 
Pain 2 6 {x2=8 
Mobility 5 st 
| good 


result 


Ability to walk 


In a similar case, partial success of the arthroplasty would give: 


Preoperative Postoperative Difference 
Pain 2 2x2=4 
Mobility 6 5 1| =7 
| fair 


result 


Ability to walk 


RESULTS 


RARLY 


Traumatic Cases 
Early results of arthroplasty in patients with trauma to the hip best teach us the 
mechanical conditions which must be fulfilled by the prosthesis in order to provide good 


balance of the hip. 

Since the end of 1948, we have used Judet’s acrylic prosthetic head in the treatment 
of non-union of the femoral neck and of necrosis of the femoral head after fracture or 
traumatic dislocation. During the first two years, we used an anterior approach (either 
Smith-Petersen’s or Hueter’s). In the last two years, we used Gibson's posterolateral 


approach. 


1954 


VOL 3, JUNE 


36-A, NO 


d 
161 
3x, 
, ‘ 1 
3 5 2x2 
- ‘ ‘ 
) 
4 


peq 4 B JO UOTPBULIO] pues 08 


AND JOINT SURGERY 


BONE 


OF 


JOURNATI 


POSTEL 


AND M. 
rut 


BIGNE 


Al 


D 


162 
f 


HIP ARTHROPLASTY WITH ACRYLIC PROSTHESIS 


Fig. 10 


As shown by Pauwels, pressure on the femoral head is equal to the sum of the weight of the superior 
part of the body and of the force of the abductor muscles necessary to stabilize the pelvis. If the length of 
the femoral head is normal, the pressure is three times the weight of the body; if the neck is short, the 
pressure may be five or six times that weight. (Reproduced by permission from Revue de Chirurgie, 


71: 284, 1952 


Of seventy-six cases, sixty-four have been followed for one year or more. The results 
are as follows: in 43 per cent. the results were good or very good, in 22 per cent. they were 
fair, and in 34 per cent. they were poor. 

A study of the poor results revealed that these were brought about by the operation, 
postoperative accidents, or shortness of the stump of the femoral neck. 

Accidents were of three types: 

1. Fracture: Three cases of fracture of the femoral shaft or of the upper extremity 
occurred during the operation when the anterior approach was used; none occurred during 
operation when the posterior approach was used. 

2. Fracture of the prosthesis: Three cases of fracture of the prosthesis occurred with 
the first type; none have occurred with the use of the new type. 

3. Dislocation: Ten postoperative dislocations occurred in sixty operations during 
the first two years. Six of these were reduced by manipulation and four required open 


operation. The femoral head remained stable in only two, and dislocation recurred in all 


others. In the majority, the results were poor; some, however, were fair. 

Dislocation is evidently due to the shortness of the femoral neck and not to the re- 
moval of the capsule, for: 

1. We always preserve the capsule in cases of trauma; 

2. Since 1951, thanks to preservation or restoration of the normal length of the neck, 
dislocation has occurred in only two cases of sixty-seven (both of these were satisfactorily 
reduced by manipulation and the reduction was maintained) ; 

3. Four cases of dislocation have been re-operated upon and a cervico-capital pros- 
thesis has been inserted with very good results. 

Shortness of the femoral neck is also responsible for the persistence of pain or for 
bad balance when no dislocation is present. If the head presses on the lateral part of the 
roof of the acetabulum and not on the surface, pain is always observed (Figs. 9-A, 9-B, 
and 9-C). 

Even when the head is in the center of the cavity, the shortness of the neck lever may 
cause pain or bad balance because, according to Pauwels, of the extra weight imposed 
on the joint (Fig. 10). 

Comparison of postoperative results in the patients with normal femoral necks with 
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Fig. 11-A Fic. 11-B 


Fig. 11-A: Ununited fracture of the neck of the femur previously treated by osteotomy. There was 
absorption of the neck 


Fig. 11-B: An unsuccessful attempt at arthroplasty with the use of a Judet prosthesis. 


Fie, 11-C Fig. 11-D 


Fig. 11-C: One year after the insertion of the cervico-capital prosthesis 


Fig. 11-D: Three years postoperatively. Roentgenogram shows slight absorption of bone under 
the prosthesis, but there is no looseness. The good result has been maintained 
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Long neck | Short neck 
JUDET’s PROSTHESIS CERV.-CAP PROS 


21\cases 17 cases 


Operations 


| 6% 


Results 


| (13 % 
Chart I 


Early results from the use of hip prostheses in treatment of non-union of the femoral neck and aseptic 
necrosis are compared. EF, excellent; G, good; F, fair; and P, poor 


those in patients with absorbed neck stumps makes quite evident the necessity for the 


restoration of normal length of the neck. 
When the neck is short, 78 per cent. of the results are fair or poor and 22 per cent. are 


Fic. 12-8 


Fig. 12-A: Ununited fracture of the femoral neck in a patient seventy-five years old. Roentgenogram 
shows absorption of the neck stump 

Fig. 12-B: Two years after the insertion of the cervico-capital prosthesis. Roentgenogram shows 
no bone absorption. Good result maintained. Patient uses one cane 


VOL, 36-A, NO. 3, JUNE 1954 


165 
\y WA\\) \ 
\ \\\ 
P 
EGF Ff #8 
| 
| | 
567 
WZ My: | 
| | NG 
4 
4 
\ 
i 
= 


166 R. M. p' AUBIGNE AND M. POSTEL 


4Months post-op. 1 Year post-op. 


VERY GREAT] 177 
267 | GREAT 
7777777, 
GOcase s Yj MEDIUM {717 Y 


2nd per | | VERY GREAT| 202 


14 7. POOR fil 


Chart III 


Chart shows early results (at four months) and the improvement brought about by the operation 
(evaluated at one year after the operation). (Adapted from Tableau UL, Mémoires de U Académie de Chi 


rurqie, 79: 463, 1953 

good (Figs. 11-A and 11-B). When the neck is long, 28 per cent. of the results are fair or 
poor and 72 per cent. are good (Chart I1). 

Since 1951, we have always used our cervico-capital prosthesis in patients with 
short neck stumps (Figs. 12-A and 12-B). The results are shown in Chart II 

In patients in whom the neck is nearly normal, about two thirds of the results are 
good with the use of the Judet head; however, when the neck has been absorbed, the pro- 
portion of good results is reversed. In the patients with an absorbed neck stump, the 
insertion of a cervico-capital prosthesis gave a high proportion of excellent results. 

We think our figures undoubtedly show the superiority of the results gained from 
the use of a prosthesis which restores the normal mechanics of the hip. 


DISLOCA:|FRACTof 
DEATH INFECTION) 


[ist period O 5 mild 6 § 
JUDET'’s]| GO cases 1 serious 
head 


2nd period 2 O O 4 
86 CASES 


1 O O O 


Cer vico-capital 
prosthesis 


13 CASES 


Chart IV 
Chart shows the incidence of early complications and the causes of failure. (Adapted from Tableau 


11, Mémoires de l’ Académie de Chirurgie, 79: 464, 1953 
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Fig. 13-A Fig, 13-B 


Fig. 13-A: Ununited fracture of the neck with a long neck stump 

Fig. 13-B: Three and one-half years after the insertion of a Judet prosthesis. Roentgenogram shows 
no looseness of the prosthesis. Good result was maintained. (The superior part of the femoral-neck 
stump was broken during the operation; this united. 


Non-Traumatic Cases 

The early results of arthroplasty in osteo-arthritis, either essential or secondary to 
congenital subluxation, show the important influence of technique. In these cases, how- 
ever, the influence of good technique is limited by the pathological process. 

Our experience is discussed for the two periods: 

From 1947 to 1950, we used the Smith-Petersen technique which consisted in a 
wide anterior approach, the interposition of a Vitallium cup, and the creation of a wide 
acetabulum which allowed mobility both in the acetabulum and at the neck stump. At 
the beginning of our experience with the use of the Judet acrylic head, we were under 
the influence of these principles and our attention was focused on mobility rather than on 
the stability of the hip joint. 

From 1950 to the present time, our approach to the problem has been slightly differ- 
ent. Our aim is to obtain a mechanically stable joint, the parts of which are fitted to each 
other with precision, and to accept the risk of a limitation of mobility. 

In this last period our technique is characterized by points which have already been 
emphasized : 

1. Good exposure of the entire joint anteriorly and posteriorly by means of Gibson's 
posterolateral approach; 

2. Preservation or reconstruction of the normal length of the femoral neck; 

3. Correction of anteversion in patients with congenital conditions; 

4. The exact fitting of the prosthetic head to the acetabulum (such an exact fitting 
allows only two or three millimeters of joint space). 

The comparison of the early functional results from the use of the two techniques 
may teach us whether or not the later modifications in technique are improvements 
(Chart IIT). 
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During the period 1947 to 1950, 45 per cent. of the patients showed really good 
results after one year, but 17 per cent. showed fair results and 38 per cent. showed un- 
satisfactory results. During the period 1950 to the present, good results were seen in 
55 per cent. of the patients after four months, and good results were seen in 59 per cent. 


after one year. Only 11 per cent. showed unsatisfactory results (Chart III). 
It may be concluded from these figures that, with the creation of a mechanically 


well adjusted hip, good function is more quickly and more frequently obtained. 

If we consider the postoperative accidents and complications (Chart IV), we find 
that there were fewer accidents with the use of the later technique, with the exception 
of fractures of the prosthesis which should be completely overcome in the future through 
the use of our new device 

Postoperative dislocations have not occurred because of the preservation or restor- 
ation of the normal length of the femoral neck. 

Study of early results of arthroplasty enables us to say that, during the first post- 
operative year, the functional result depends mainly upon the mechanical conditions. 
If the trouble is essentially mechanical, as in cases of trauma and in a certain number 
of cases of congenital or acquired deformity, good technique gives a high percentage of 
excellent functional results 

The prospects are less favorable in the presence of progressive degenerative conditions. 

All of this leads one to ask the question: How do the good results stand the test 


of time? 
LATE RESULTS 


Follow-up of patients after one year may show three things: 
|. Improvement by adaptation of the muscles and the joint to the new conditions 


created by the operation 


Fig. 14-A Fig. 14-B 

Fig. 14-A: Arthroplasty with interposition of the Judet prosthesis for osteo-arthritis of the hip 
Fig. 14-B: Three years and ten months postoperatively. Roentgenogram shows very great bone 
absorption around the prosthesis, loosening of the prosthesis, and absorption of the acetabulum. Funce- 


tional result, which was good, has deteriorated after one year 
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Duration RESULT lyr| EVOLUTION | RESULT at 
of follow: up POST-OP WN BETWEEN |LAST EXAM: 


34 
GOOD} 31 


j 


1% to2 | 
yrs MED. [15% 


G1 cases POORE:15 WES 


2 to3 
15 


58 cases (26%) 
KK 


4cas 


Chart V 
Evolution of functional result. 


EVOLUTION of FUNCTIONAL RESULT 
1 YEAR 


Average follow-up: 29 months 
Percentage on 153 cases 


after 


RESULT EVOLUTION RESULT AT 
[YEAR POSFOP /N BETWEEN LAST EXAM. 


GOOD 50% | 24 
WIT 

24 7 | 

POOR ™ 


Chart VI 


2. Stability: A patient, now aged seventy, whose hips are shown in Figures 13-A 
and 13-B, who had been subjected to one of our first arthroplasties showed a consistently 


maintained result fifty-four months after operation. 
3. Deterioration: The function of the hip after the operation may grow worse because 
of (a) deterioration of the prosthesis itself by fracture or by wearing, (b) resorption of 
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the bone caused by the mechanical action of the foreign body, and (c) the persistence of 


the degenerative process which, of course, had not been suppressed by the operation. 


From this point of view, we have reviewed all of the patients with trauma, osteo- 
arthritis, or congenital subluxations followed for more than eighteen months, and we 


15-A 


Osteo-arthritis of the left hip. Congenital dislocation of the right hip 


Fig. 15-B 


Osteotomy of the right hip. Arthroplasty of the left hip. Good result one year postoperatively. 
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HIP 


TABLE VI 


LATE DeTERIORATION OF RESULTS 


(After one Year) 


No. 


of Cases 


Frequency 


Osteo-arthritis and subluxations 21 of 100 


Sof 53 


Trauma 


Total 29 of 158 


Symptoms 
Increased Pain and Increased Pain and Impaired uy 
Impaired Increased Impaired Ability Ability to Walk and 
Mobility Pain to Walk Impaired Mobility 
(No. of Cases) (No. of Cases) (No. of Cases) (No. of Cases) . 


Degree of Deterioration 


Slight Medium Serious 
(No. of Cases) (No. of Cases) (No. of Cases) 
Is 


Postoperative Functional State Compared with That before Operation 
Much Better Better Same Worse 
(No. of Cases) (No. of Cases) (No. of Cases) (No. of Cases) 


7 12 5 5 


Fig. 15-C 
Two and a half years postoperatively, roentgenogram showed bone absorption in the neck and 
acetabulum. Functional result deteriorated 
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have compared the fune- 
tional state at the end of 
the first postoperative year 
with that at the last ex- 
amination. This compari- 
son was possible in 146 
of our patients. 

This comparison was 
done separately on cases 
of trauma, on cases of 
osteo-arthritis, and on cases 
of congenital subluxation; 
but, as we found that the 
postoperative course was 
practically the same in the 
three groups, all of the cases 


have been grouped in one 
Fic. 16 chart (Chart V). this 


Diagram shows the influence of pressure on bone absorption. With chart, the patients have 
the use of the Judet prosthesis (right), absorption widens the cervical been divided into three 
canal; the prosthesis becomes loose and absorption is aggravated 
When the cervico-capital prosthesis is used (left), the device presses 
on a more vascularized part of the femur. Even with slight absorp- duration of the follow-up: 
tion, the prosthesis will not tilt nor will it become loose. 


groups, according to the 


one and one-half to two 
years, two to three years, and three years or more 

The left-hand column shows the number of good, medium (fair), and poor results 
one year after the operation. The central column gives the number of patients in whom 
the result has improved or has worsened between the examination at the end of the 


Fig. 17-A Fie. 17-B 


Fig. 17-A: Roentgenogram shows necrosis of the femoral head after traumatic dislocation in a girl, 
twenty-one years old 

Fig. 17-B: Two years after the operation. The functional result was excellent for one and a half years. 
The patient, at the time this roentgenogram was made, was pregnant; some pain had recurred. Roent- 
genogram shows slight absorption of the neck around the prosthesis 
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first postoperative year and the last examination. In the right-hand column are shown 
the proportion of good, medium (fair), and poor results seen when the patients were 
last examined. 

It must be pointed out that the percentage of deterioration is about the same (20 
to 25 per cent.) in the cases reviewed after two years, three years, or four years. This 
may suggest that deterioration generally occurs during the second year and that the 
number will not rise very much with the passing of time (Chart VI). 

In Chart VI, all of the cases are grouped without consideration of the duration of 
the follow-up. It is clearly shown that the proportion of more or less improved results 
is approximately the same at the last examination as that at the end of the first year. 
This is due to the fact that the impaired results are balanced by an equal number of 
improved results. The late improvements are due to the wonderful adaptability of nature. 
‘These must not, however, cause us to forget deterioration for which, even if we do not hold 
ourselves responsible, the patient may. 

The fact is that 20 per cent. of our results do not last. One of five patients, happy 
one year after operation, will have a partial (sometimes total) recurrence of his condition 
(Table VI). 

The degree of impairment of the result varies. When we compared the functional 
state of the patient at the last examination with that before the operation, we found 
that five patients were as badly off as they had been before the operation and that five 
were worse. However, seven of these had shown poor results from the beginning. 

The causes of late deterioration are not always easy to find. Information may be 
obtained by clinical examination, roentgenograms, and operative findings (Table VID). 

In nineteen of twenty-nine cases, impairment of the result was possibly due to 
fracture of the prosthesis, wearing of the prosthesis, or bone absorption around the 
prosthesis. 

We believe that these complications can probably be eliminated by a better designed 
prosthesis: 

1. Fracture of the acrylic prosthesis may be avoided by the central steel stem of the 
Judet device; most of those which broke had not been equipped with this stem. However, 
we have seen three fractured stems with the steel re-enforcement. 

2. Wearing of the prosthesis was found in more than half of the acrylic prosthetic 
heads removed one year or more after the operation. This is reason enough to prefer 
a steel or Vitallium prosthesis to one made of acrylic. 

3. Bone absorption is a more serious matter. It occurs chiefly on the neck stump, 
with sclerosis, sharpening of the end of the stump, and widening of the canal (Figs. 14-A 
and 14-B). The acetabulum may also show absorption, although in fewer cases (Figs. 
15-A, 15-B, and 15-C). Bone absorption is sometimes seen in the roentgenograms of 
patients in whom a good result has been maintained (Table VIII). 

In our experience, bone absorption was found in eight patients of 124 in whom 
results were maintained, while it was present in nineteen patients of twenty-three with 
impaired results. This fundamental difference in incidence suggests that bone absorption 
and the consequent loosening of the prosthesis are the chief causes of late recurrence of 
pairi. 

The cause of bone absorption is probably the very strong pressure put on a small 
surface of bone, perhaps less resistant on account of poor vascularization. If this is true, 
absorption must be greater laterally on the upper border of the canal and medially on 
the inferior border; the prosthesis will tilt and tend to come to a horizontal position 
(Figs. 16 through 18-B). This is quite obvious in the roentgenograms of some patients. 

Progressive mobility of the prosthesis makes absorption more and more inevitable. 

Bone absorption in the acetabulum is difficult to prevent, but loosening of the 
prosthesis in the femur can be sharply reduced, and perhaps even suppressed, by a 
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TABLE VII 
LATE DeTEeERIORATIONS 


(Roentgenographic and Operative Findings) 


Periarticular bone producti n 
Joint stiffness without bone formation 
Bone absorption around prosthesis: 
with fracture of prosthesis 
with prosthesis unchanged 
with wearing 


No particular findings 


Total 


TABLE VIII 
ABSORPTION AROUND THE PROSTHESIS 
Functional Status Appearance Normal 


as Seen by X-Ray Bone Absorption 
(No. of Cases) (No. of Cases) 


Maintained 116 s 
Deteriorated 23 19 


better design of the prosthesis which should meet two specifications: 


1. Distribution of pressure on as large a surface of bone as possible; 


Fic. 18-B 


Fig. IS-A: Osteo-arthritis of the hip. Patient was operated upon in another hospital; two years after 
the operation there was great absorption and tilting of the prosthesis. A very bad result 


Fig. 18-B: Six months after the insertion of the cervico-capital prosthesis, there was a good func- 
tional result 


rHE JOURNAL OF BONE AND JOINT SURGERY 


174 
| 
: No. of Cases 
9 
5 
6 
24 
3 rk 
‘ 
i 
D 
Fig. I-A 


475 


HIP ARTHROPLASTY WITH ACRYLIC PROSTHESIS 


2. A design which, if some absorption occurs, will not allow progressive mobility 
of the prosthesis. 

Our C prosthesis with the long intramedullary nail and flat weight-bearing surface 
seems to be the answer to these conditions. If absorption occurs on the weight-bearing 
surface, the piece will go slightly further down into the femur, but it will not tilt. 

So far, in seventeen patients followed for more than two years, we have seen neither 


any clinical impairment nor roentgenographic evidence of loosening. 


CONCLUSION 


fesults in hip arthroplasty with an inert prosthesis are very encouraging in the 
traumatic necrosis of the femoral head, 


treatment of non-union of the femoral neck, 
and osteo-arthritis. Unfortunately, a certain number of patients are not improved 


(20 per cent.) or, after one or two years’ improvement, suffer a partial or total recurrence 
of pain. Some of these failures are due to the persistence or the recurrence of the de- 


generative condition and cannot be avoided by technical improvements. 
However, a fair number of failures are caused by mechanical disorders. Wearing 


or fracture of the prosthesis can certainly be eliminated by the use of a prosthesis made 
of inert metal rather than of acrylic. The ill effects of the absorption of bone in the upper 
end of the femur can probably be avoided by the better design of a prosthesis which 
will distribute pressure over a wide surface and prevent loosening of the prosthesis. 


SUMMARY 


Late results in 243 arthroplasties with an acrylic prosthesis for traumatic or osteo- 


arthritic conditions are reported. 
Karly results (after one year) show the importance of the restoration of the normal 


mechanics of the hip joint by the preservation or the restoration of normal length of 
the femoral neck, the exact correction of anteversion, and the precise fit of the prosthetic 
head to the acetabulum. A good exposure of the joint through the posterolateral approach 
appears necessary in order to fulfill these conditions. 

Late results (from two to five years) show deterioration of the functional results 


in 20 per cent. These deteriorations appear to be caused by bone absorption around 


the Judet prosthesis and the consequent loosening of the prosthesis. 
A new type of cervico-capital prosthesis is proposed which makes possible: 
1. Restoration of the normal length of the femoral neck when it is congenitally or 


pathologically short; 
2. Correction of anteversion, even when very marked; 
3. A weight-bearing surface on a more vascularised part of the femur; 


4. The distribution of pressure on bone so as to lessen bone absorption, to prevent 


its ill effects, and, particularly, to decrease mobility of the prosthesis. 
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MY PRESENT ATTITUDE TO OSTEO-ARTHRITIS OF THE HIP * 
BY PROF. BRYAN McFARLAND, LIVERPOOL, ENGLAND 


It gives me great joy to be here, and Iam very conscious of the high honor you do to 
me and to my country 

I do not know the best treatment for osteo-arthritis of the hip. In fact I do not know 
that there 7s a best treatment. My present theme is that when an operation becomes neces- 
sary, we must pick the procedure most appropriate to a particular patient. Easy, attrac- 
tive, and immediately satisfying though the new technique of arthroplasty may be, it is 
neither justifiable nor possible to discard other well-tried operative methods. There are 
indeed patients for whom each of these methods may be the most suitable. New types of 
inert material have brought arthroplasty strongly back into favor and may in fact lead the 
way to something more permanently acceptable. However, the procedure is unlikely to 
endure unless we learn more about the origin of the pain and unless we use materials which 
are more natural to, and conform more closely with, the tissues of the human body. 

The elaboration and illustration of this theme will fully occupy the space at my dis- 
posal, Consequently important and interesting though it is, treatment in the early phases 
cannot now receive more than a passing glance. I will only say that, in the stage when 
there is quite good movement, when the roentgenographic changes are minimal and the 
general function of the hip is fairly useful, when obviously operative intervention is not 
justified, and yet the patient is inconvenienced by diminishing movements and by dis- 
comfort and even pain, | have found that by reducing overweight, by simplifying the diet, 
by regular reasonable purgation, and by exercises determinedly directed toward increasing 
internal rotation and abduction movements, pain may in fact be so reduced and activity 


so increased that operation is sometimes indefinitely postponed. 


1-A 


J. W.. an eighteen-vear-old boy with a traumatic dislocation 


* Read at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia, July 1, 
1053. 
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meretricious and they are best avoided. 


Conservative or nearly conservative treatment clearly has a part to play, but in a 


OSTEO-ARTHRITIS OF THE HIP 


I propose to spend no time on measures like manipulation, cheilotomy, neurectomy, 
and capsulectomy, which in the past have been thought attractive. The improvement they 
produce is short-lived, and deterioration is often accelerated 


discussion of osteo-arthritis, the words of Robert Burns come to mind: 


“Nae man can tether time or tide, 
The hour approaches Tam maun ride.” 


He might well have been speaking of the arthritic hip, which usually by inexorable progress 
reaches the stage when, either because of pain so acute as to cause sleeplessness, or because 


of pain which, although only moderately se- 
vere, is aggravated by accompanying deform- 
ity, something radical must be done. Sooner or 
later the patient becomes seriously disabled, 
and we must consider what we can do. We can 
fuse the hip by arthrodesis, we can change the 
line of weight-bearing by osteotomy, or we can 
fashion a new joint by arthroplasty. I believe 
that in its turn each of these three measures 
has its place, and that we best serve our pa- 
tient by using the one most appropriate to all 
the features of his case. We must suit our 
operation to the patient with the same care 
we exercise in selecting an instrument pre- 
cisely fitted to a particular job. 

Of course the groups overlap, but roughly 
patients with severely osteo-arthritic hips fall 
into three groups: those for whom, all things 
being equal, arthrodesis is most appropriate; 


those for whom osteotomy is suitable; and aseptic necrosis and arthritis. 


Fig. 1-B 
A roentgenogram made two years later showed 


Fig. 1-C 


Roentgenogram made after an arthrodesis had been performed. The patient is now working as a 


laborer. 


1954 


- VOL 3, JUNE 


36-A, NO. 


477 


Their attractiveness is 


= 7 
j 
4 id 
} 
. 
fa 
a 


BRYAN McFARLAND 


Fig. 2: Roentgenogram showing late stage of 
slipped upper femoral epiphysis; arthritis is evi- 
dent 

Fig. 3: Late unilateral congenital subluxation, 
with increasing arthritis 

Fig. 4: Roentgenogram showing arthritis second- 
ary to Perthes’ disease. 


those for whom arthroplasty is ‘‘the only 
way 

Arthrodesis is appropriate to patients 
who are young, and whose arthritis is sec- 
ondary to an obvious cause and involves 
only one hip, while the other hip is not 
threatened or ever likely to be. A good 
example is a young man whose arthritis 
arose from aseptic necrosis consequent to a 
traumatic dislocation (Figs. 1-A, 1-B, and 
1-C). 

In this group, also, one may place those 

patients whose arthritic changes result from a slipped epiphysis (Fig. 2), unilateral con- 
3), Perthes’ disease (Fig. 4), fracture-dislocation (Figs. 5-A and 


genital subluxation (Fig 
in other words, young patients with monarticular 


5-B), and coxa magna (Fig. 6), 
secondary arthritis 

The second group is comprised of patients for whom change of weight line by osteot- 
omy is indicated. They tend, of course, to be older, usually middle-aged, and have only 


one hip affected. Perhaps quite a useful range of movement has been retained, but the 


patients suffer markedly from pain 

Some care should be exercised in selecting patients for osteotomy, which should, of 
course, never be done for patients with long femoral necks or with abduction deformity. 
It is particularly suitable for a patient whose femoral neck is grossly shortened and in 
whom there is marked adduction deformity. Figure 7 shows an example of a case in which 
arthroplasty would be inappropriate and osteotomy is the most appropriate procedure. 
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Fic. 5-A 


ia. 5-B 
Showing a traumatic fracture-dislocation 


Arthritis following the fracture-dislocation. 


Coxa magna resulting from a low-grade infection of the neck of the femur in childhood 


It may be well to mention a few points about the technique of the displacement oste- 
otomy. First of all the level ought to be carefully selected: The medial end of the line of 
osteotomy ought to be just above the lesser trochanter; the lateral end should be at 


slightly lower level, so that the line itself is a little oblique; the lateral end is usually at the 


base of the subtrochanteric fossa. The displacement must be about half the diameter of 
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7 
Because of gross osteo-arthritis and a short femoral neck, this case was unsuitable for arthro- 
plasty but eminently suitable for osteotomy 


the femur, neither more nor less. Great care must be taken to divide the calear femorale; 
if the femur splits vertically with the calear still attached to the lower fragment, displace- 
ment is impossible (Figs. 8-A, 8-B, and 8-C). 

Figure 9 shows a typical displacement osteotomy. Questions have often been asked 
as to how good are the results of osteotomy (the intention being to imply that they are 
bad) and how long good results, if any, are maintained (with the inference that they are 
short-lived) 

| was interested to assess patients other than my own, and so I wrote at random to 
about twenty “old patients’? of McMurray (two years, in fact, after his death) and a 
dozen or 80 came to be examined and cinematographed. From their statements at that 


time | prepared précis of their preoperative and postoperative condition, and the repeti- 


tion of improvement and satisfaction is almost monotonous. To interview at one sitting 
a series of “old osteotomy’ patients is startlingly impressive. They do not (as the cine- 
matograph demonstrates) walk perfectly, but they are very active; they get about without 
pain; they work and play; and they do not complain. In their opinion even the tedium of 
the long recumbent immobility was justified by the result. These photographs and state- 
ments were taken from a totally unselected group of patients six, seven, eight, or ten years 
after an operation which had been done by somebody else, and I had no personal interest 
in how good or how bad the results might be. 

I was working with MeMurray during the introduction and the development of the 
osteotomy in its application to osteo-arthritis of the hip, and I have employed the opera- 
tion something over two hundred times during the succeeding twenty years. I do not 
remember a really dissatisfied patient 

The rationale of the operation is obscure and its beneficial effect is difficult to explain. 
Sometimes pain is relieved, although displacement does not persist. An example is pro- 
vided by Mrs. D., now eighty-two years old. Before her operation at the age of seventy- 
seven, she could hardly walk; her neighbors did her shopping; she never went out except 
to go to church and then in a taxi provided for her by the parishioners. It was agony to 
see her get in and out of the ear, and in church she had a seat near the door. She was very 
frail and some old nasopharyngeal and respiratory infective condition forced me to perform 
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Fig. 8-C 


Fig, 8-A Fic. 8-B 


Diagrams showing the osteotomy line and the amount of displacement. 


the osteotomy in a few minutes; postoperative 
fixation was interrupted by an aggravation of 
the old infection and the displacement was not 
maintained (Figs. 10-A and 10-B). Six months 
after the operation she was doing all her own 
housework and all her own shopping; she paid 
social visits and still does so. It is now five 
years since the operation, but she repeatedly 
travels from Warrington to Liverpool, about 
twenty miles, just “for a day out’. When 
photographed again a few weeks ago, she had 
just finished her spring cleaning (Fig. 10-C . 
This description may possibly convey the im- 
pression, shown on the film so vividly and so 
clearly, of the ease with which she move 
briskly about. She was relieved of her symp 
toms to an extent which would have been 
surprising after any procedure. Yet, as I have 
said, displacement was not maintained; in fact 


Fia. 9 
the femur reverted to its original line and Roentgenogram showing a typical osteotomy. 
shape. Since her hip moves reasonably well, 
her relief was not due to ankylosis. Why then was she relieved? 

We come now to our third group—those patients for whom arthroplasty is a sine qua 
non. Their second hip is either already severely affected or is in immediate jeopardy or is 


certain to degenerate. For these no treatment other than arthroplasty is worth considering. 
Also it must be admitted that this third group grows in number at the expense of the 
second, because arthroplasty offers with reasonable certainty relief of pain with useful 
movement, and most particularly a short, free after-treatment. 

I leave out, and it is not an oversight, the metallic cup—or mold—arthroplasty, with 
which the name of Smith-Petersen is so honorably associated. I leave it out because I do 
not use it any longer. I admit that, being by temperament opposed to metallic foreign 
bodies inserted into the human frame, I have never been wildly enthusiastic. But my 
positive dislike has arisen from the uncertainty of the result. By this I mean that, if I have 
two apparently exactly similar hips and in relatively similar patients, on each of whom 
I perform an apparently identical operation without untoward postoperative incident, 
one result may be very good and the other very poor. Moreover, | do not know why the 
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one is very poor and I do not know 


that it is going to be very poor. So that, when at the 
preoperative consultation 


the patients ask me what the outcome will be, how long they 


will be incapacitated, how much movement they will have, et cetera, | cannot answer 


with confidence 


| 


Fic. 10-B 
Fig. 10-A: Mrs. D., seventy-seven years old. The roentgenogram showed gross arthritis 


Fig. 10-B: In spite of the postoperative failure in displacement, the patient had | 


wen completely 
relieved 


Fie. 10-C 


Views from a cinema made five years alter osteotomy, showing how active patient Is 
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Fig, 11-A 
» before operation, showing gross bilateral osteo-arthritis. 


Fig. i1-B 
Views from a cinema, showing the patient struggling against scissor-leg deformity and pathetically 
trying to walk. 


The form of arthroplasty which I use at present is the replacement of the femoral 
head by a prosthesis of acrylic resin, commonly known as the “Judet operation’’. The 
value of this procedure lies not only in the retention or creation of movement, but also in 
an extremely short period of after-treatment, neither technically difficult nor tedious nor 
troublesome, and this renders the procedure attractive to the oldest patients in particular. 
It is true that I do not know how long the prosthesis or the acetabulum or both will stand 
the wear and tear of the use to which they are subjected, and I take care that the patients 
are well aware of this uncertain factor also. But it seems to most of them worth while to 
undergo the operation if thereby they gain reasonable activity and independence, and one, 
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kia. 11-C 
toentgenogram made after a bilateral arthroplasty. 


Kia, 11-D 

Views from cinema, showing the patient walking. 
two, three, or four years of freedom from pain. The bath 
chair, the bogey of old people, disappears from their 
conscious thought. The simplicity and speed of this 
arthroplasty has enabled us to relieve patients who 
otherwise might well have had to continue struggling 
to eke out their petty space of time. Take, for example, 
the woman of seventy-seven with very severe bilateral 
osteo-arthritis shown in Figures 11-A through 11-D; or 
again consider a man with gross Paget's disease (Figs. 
12-A and 12-B), who had to give up his work because of 
arthritis with very bad pain and was totally disabled. 


The point about these two patients is that no other procedure would have been 
What else could have been done for these two people and others like them? 


applicable 
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Fig. 12-A Fic. 12-B 
Fig. 12-A: W. J., a patient with advanced osteitis deformans who was unable to work. 
Fig. 12-B: After arthroplasty, the patient returned to his work as a garage mechanic. 


Of course the results are not good in the absolute; they are not like the easy cases in which 
one obtains very good movement and almost normal activity. 

I wish to say a word about technique. Having tried all approaches, | have now settled 
on the posterolateral, which is really a modified Kocher’s approach. Instead of cutting 
across the glutaeus medius at the tendon or trochanter level, as Gibson does, | displace 
the glutaeus medius forward by shaving from the femur its tendon of attachment and the 
vastus lateralis fascia with which it is continuous. The glutaeus medius and the vastus 
lateralis form a moderate angle anteriorly, and so forward displacement is easy. In closing 
the wound I suture the tendon juncture to the quadratus femoris and the tendon of the 
glutaeus maximus. There is, therefore, no solution of the glutaeus medius in continuity, 
and its essential strong abductor force is unimpaired. 

In arthroplasty, as in other major operative procedures, there must be a line of surgi- 
‘redemption procedure”’. 


‘ 


cal retreat in the event of failure—what is sometimes called a 
Before | adopted the acrylic arthroplasty, | wished to be sure of such a line of retreat. 
I had already been performing on patients with complete ankylosis of both hips an arthro- 
plasty which consisted of total excision of the head and neck, followed by an angulation 
osteotomy at the lesser trochanteric level. (Batchelor in London and Milch in New York 
appear also to have been using this operation.) | saw that this procedure could be success- 
fully used if for any reason the acrylic arthroplasty were to fail. | have had occasion to 
employ this “excision-angulation”’ and I am satisfied with the result. Here is an example: 
A man aged sixty, an able-bodied seaman who had had to give up because of osteo- 
arthritis, returned to his ship three months after the Judet operation (Figs. 13-A and 13-B). 
About four months later, he was caught in a storm at sea, was thrown from a ladder and 
fractured the neck of his femur and the stem of his prosthesis (Fig. 13-C). | removed this 
and the stump of the femoral neck and performed an angulation osteotomy (Fig. 13-D). 
In the film which accompanied this paper, he can be seen to walk and climb and jump 
(Fig. 13-E). Although he has not a perfect hip, he has a very useful one. He is now working 
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at the docks, but » wants to go back to sea again as soon as we have said he need not 
use a stick, 

Finally, what of the future? It is clear that the application of arthrodesis is and will 
remain relatively limited; osteotomy appears irrational and its success is unexplained; 


the acrylic prosthesis may not last, and there may be nothing to take its place. I am con- 
vinced that we must forthwith try to get a better understanding of the origin of the pain 
in osteo-arthritic hips. It has been thought that the pain originates almost entirely in the 


Fic. 13-B 
L., a patient with osteo-arthritis (dysplastic hip 
Three months after arthroplasty the patient rejoined his ship as an able-bodied seaman. 


Fig. 13- 
Fig. 13-C: The prosthesis fractured when the patient was thrown onto the deck in a storm. 
Fig. 13-D: Roentgenogram made after removal of the prosthesis and performance of an angulation 
osteotomy. 
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Fig. 13-E 
Views from the cinema. The 


patient is now working on the 
docks. 


capsule and perhaps somewhat 
in the muscles, but the question 


haunts me as to whether there 


is not some source of pain in the 


bone itself. 
Let us revert to the little | 
| 


lady of eighty-odd mentioned 
varlier in this paper. It will 
be remembered that, although 
. there was no displacement at 


the osteotomy site, she was re- 


lieved of pain to a very sur- 


prising and remarkable degree. 

What was the cause of her relief? Is it not possible that nerve fibers permeating the bone 
along the blood vessels are divided at the same time as the bone, and so the path of pain 
is interrupted? It may be that in the osteo-arthritic hip there is a non-infective hyperaemic 
reaction inside the bone which is arrested by division of the bone (the immediate relief 
afforded by removal of the head in a fresh subcapital fracture of the femur may be on the 
same lines). Or it may be that the regenerative changes associated with healing cause some 
reversal of painful processes in the joint tissues. We might do well to think on these things. 
We might also do well to remember that the body normally expects the hip joint to be 
freely movable, stable, and painless, but that, when these qualities are lost and we have 


to decide which can be restored, freedom from pain comes first, then stability, and move- 


ment only third (unless of course it may rank equal with stability because of absence of 


movement in the other hip). 

Moreover, I think that we must keep an open mind about the whole question of 
arthroplasty by present methods. We must remember that arthroplasty is not a new idea, 
and even the prosthetic type of arthroplasty is not new. Seventy-five years ago Gluck of 
Berlin used an ivory prosthesis to replace the head. Fifty years ago Robert Jones spoke 
of successful arthroplasties. Yet twenty-five years ago, in fact fifteen years ago, arthro- 
plasty generally was in disfavor. It is well to remember these facts, and to remember also 


that bones and joints are only flesh and blood, and it is well to consider carefully what 

form of intervention they are most likely to tolerate. It seems to me most improbable 

that the present forms of arthroplasty will endure. It also seems to me, if | may say so 
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without disrespect, that the trend here in the United States toward bigger and better 
prostheses is wrong. Just as the basic idea of Lane plates lived on by changing toward 


the more natural, so will arthroplasties involving interposition of inert materials survive 


only if they also tend toward the more natural. 

We must try to understand more of the nature of bone, and why the osteo-arthritic 
hip is so painful, and from that understanding may come the knowledge and skill to use 
materials or methods in harmony with, and permanently acceptable to, the body tissues. 

And so I end this paper, not in an atmosphere of certainty and satisfaction, but on a 
note of inquiry and speculation. Where is the source of pain of osteo-arthritis? Does it 
originate entirely in the capsule and muscles as has been thought, or does it originate 


partly in the bone, so that prostheses, excision-angulation, and osteotomy succeed largely 
because the bone has been divided? Can we discover or develop materials which in constitu- 
tion and in texture are compatible with living tissues? How can we devise methods which 


are not empirical as at present, but based on sound physiological knowledge? How can 
we ensure that our surgery will not abuse still further the wonderful tolerance of the 
human body and that it will conform with, and approximate to, the natural behavior of 


living things? I do not know. 


DISCUSSION 


Dre. J. 8. Seeep, Memenis, Tennessee: I shall limit my remarks to reconstruction procedures for 
non-union or avascular necrosis, or both, of the femoral head, after fractures of the neck of the femur. 
Before discussing the use of the prosthesis for the femoral head, it might be well to evaluate briefly 


the results which we have obtained by the methods previously in use. 
In 1952 Boyd and Brindley” reviewed the results obtained by various surgical procedures in 147 patients 
with ununited fractures of the femoral neck, who had been traced sufficiently long for end-result evaluation. 
In the group of reconstructive operations, such as the Whitman, Albee, and Colonna procedures in 


which the femoral head was removed, results were considered satisfactory in 58 per cent., but limitations 


of functions were present which were far from desirable. 
Osteosvnthesis (bone-grafting without an osteotomy) was successful in 69 per cent. of the cases, but the 


late results in many of this group were unsatisfactory because of degenerative changes in the femoral head. 
High osteotomies with medial displacement of the shaft of the femur (McMurray osteotomies) resulted 
in union both at the fracture site and at the site of the osteotomy, but again, in many of those patients who 


originally had « good result, disabling degenerative changes in the femoral head later developed. As a whole, 


results in this group were disappointing and the operation was abandoned in favor of the angulation or 


valgus type of osteotomy 
High osteotomies described by Schumm! and by Dickson? or low osteotomy of the Schanz® or the Blount* 


type, where the inclination of the femoral neck is changed to a coxa valga position, gave the highest percent- 
age of union and the lowest percentage of degenerative changes in the head of the femur. The addition of a 


bone graft, as advised by Phemister®, aids in revascularization of the femoral head. 
The results in the group in which a valgus type of osteotomy had been used have been so satisfactory 


that we prefer this operation to the use of a prosthesis in cases in which there is adequate neck and salvage 


of the femoral head appears possible 
It is obvious from this review that there is need for improvement in the results which we are attaining 


in the treatment of ununited fractures of the neck of the femur. In older patients with debility, pain is often 
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TWO AND A HALF YEARS’ EXPERIENCE WITH A VITALLIUM 
INTRAMEDULLARY HIP PROSTHESIS * 


BY FREDERICK R. THOMPSON, M.D., NEW YORK, N. Y. 


From the Orthopaedu Service, St. Luke's Hospital, New York 


Since the introduction of prostheses into hip surgery several years ago, various models 
involving different mechanical principles have been employed to solve essentially the same 
problem. Warnings against their indiscriminate use have been sounded, and many surgeons 
have awaited the passage of a few years to see how the various prostheses behave in the 
human body. The following report is of thirty-five consecutive cases in which one type of 
Vitallium intramedullary hip prosthesis has been used over a period of two and a half 
years. It is believed that valuable information can be obtained from a study of this small 
number of cases. 

CHOICE OF METAL 

Vitallium was selected as the metal of choice because of its long-proved ability to 
remain absolutely unchanged within the body. This assurance is lacking in steel, in 
acrylics, and in nylon. The hardness of the metal excludes the factor of wear and tear. 
It can be sterilized under steam pressure. The problem of breakage, which is a possible 
factor with any material selected, is counterbalanced by the engineering design of the 
prosthesis and the thickness of the metal to withstand the stresses involved. 


SHAPE OF THE PROSTHESIS 


The shape of the prosthesis is similar to the normal shape of the head and neck. It no 
longer contains the anteversion which was believed to be essential four years ago (Fig. 1). 
The curve of its long stem makes it easy to insert through either an anterior Smith- 
Petersen or a posterior Gibson incision. Its adequate head and neck length prevent an 
abductor lurch resulting from an insufficient glutaeus medius mechanism. It can thus be 
used in patients with a short femoral neck or in those cases in which an existing femoral 
neck may have been absorbed in later months after operative insertion of the Judet type 


of prosthesis. It is a one-piece appliance and, therefore, cannot come apart within the body. 
The long stem extending down the shaft gives assurance that the prosthesis will not permit 


angulation into coxa vara unless the shaft fractures. 
REACTION OF ACETABULUM TO PROSTHESIS 

In those cases of non-union of the fractured neck in which a wide joint space was 
present at the time of inserting the prosthesis, careful observation of the thickness of the 
acetabular half of the joint space demonstrated that the Vitallium prosthesis does not 
erode the articular cartilage. The width of this cartilage remains essentially the same dur- 
ing the months following the operation. In these cases the bone immediately adjacent to 
the cartilage in the acetabular roof fails to show any condensation of the bone trabeculae 
indicative of excessive stress passing through this area of the bone (Fig. 2). 

Those cases with a wide joint space, however, are less frequent than the cases showing 
some narrowing of the joint space at the time of operation. In this latter group a tendency 
to bone condensation or sclerosis in the acetabulum has been noted in the follow-up 
roentgenograms (Figs, 3-A and 3-B). This is at the point of maximum stress transmission 
through the acetabular roof. The majority of the follow-up roentgenograms showed some 
visible thickening and increase of the trabeculae in this area (Fig. 6) so that the total 

* Read at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia, July 1, 
1953 
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effect was one of minimal condensation, but this did not seem to produce symptoms 
(Fig. 4). In two of our cases, however, in which an arthritic joint was present and the 


acetabular cartilage at the time of operation was not reamed out, this condensation ap- 


peared very rapidly and was believed to be associated with the resulting pain. There 


has been no tendency for a slightly damaged, worn cartilage to become normal after 


insertion of the prosthesis 
When the acetabulum 


has been remodeled by 
scraping out of the car- 
tilage, breaking through 


Fig. 1: Vitallium intramedul- 
lary hip prostheses are made in 
three sizes: one and five-eighths 
inches, one and three-quarter 
inches, and one and seven-eighths 
inches. The models on the right 
and left in this illustration con- 
tain anteversion The center 
model has no anteversion curve 
of the stem and may be used in 
either hip. 

Fig. 2: F. C. Roentgenogram 
made one year and seven months 
after operation. The acetabular 
portion of the right articular 
cartilage had not thinned since 
insertion of the prosthesis. No 
condensation was present in the 
acetabular roof. This represents 
the early ty pe of prosthesis 
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the subchondral bony cortex with the gouge, and using the reamer to shape a new bony 
socket, a thin joint space is visible in the follow-up roentgenograms (Figs. 5-A and 5-B). 
This is the typical thin line customarily seen in cup arthroplasties between the cup and 
the bony socket. No tendency to form bone sclerosis or thickening and condensation of 
the trabeculae at the area of maximum stress transmission through the acetabular roof 
has been noted. It is realized, however, that not all such arthroplasties may be free of 
sclerosis in the future. Intrusion of the prosthesis further into the soft acetabular bone to 
form an Otto pelvis has not been noted, although this too may occur in the future. 

The real significance of acetabular sclerosis is not understood. It is not believed to 
be a beneficial finding. Although the majority of patients with a hip prosthesis show 
some degree of it, the absence of the condition after arthroplasty would seem to indicate 
that we are not using a femoral head large enough to make a perfect fit. The sclerosis, 
when present in minor degree, does not seem to produce symptoms 


REACTION OF FEMORAL NECK TO PROSTHESIS 

The prosthesis has been inserted in some patients in whom a small portion of the base 
of the neck was intentionally left intact. The follow-up roentgenograms revealed a slow 
absorption of this neck stump, 
so that the prosthetic collar 
settled down to form a broad 
contact base, extending from 
the medial side of the greater 
trochanter toward the base of 
the lesser trochanter and 
roughly corresponding to the 
intertrochanteric line. In 
other words, if a portion of the 
base of the neck is retained at 
operation, it tends to absorb 
to this basic line of junction 
between the shaft and the 


femoral neck. This has some 
Fig. Pic. 3-B 
significance when one con- 
. ‘ig. Roentgenogram made fifteen days after operation. 
siders the use of the Judet pe 
‘ oe : Fig. 3-B: After thirteen months the thin joint space was still thin, 
type of prosthesis in patients — put sclerotic condensation had developed in the acetabular roof at 
neck, the area of maximum stress. When he was last seen, the patient had 
no symptoms 


with a short femoral 
While the absorption is prob- 
ably due to circulatory changes, it may also be caused by basic stresses which are not 
understood. There is no doubt that long-standing cases of non-union after fracture of the 
femoral neck show a complete absorption of the neck down to this basic line of junction. 
The shape of the prosthesis was fashioned to take care of this anticipated absorption. In 
some patients with a generalized demineralization as a result of long-standing non-union, 
there has been some absorption of a decalcified calear femorale. This absorption has not 
tended to be greater than five millimeters, and the process seems to become arrested when 
the density and strength of the bone increase with active use. It is possible for more ab- 


sorption to take place. For this reason, it is wise to insist upon the use of crutches until 


satisfactory bone density is visible in the roentgenogram. 


REACTION OF THE FEMORAL SHAFT TO PROSTHESIS 


Within two months of the insertion of the prosthesis one can see in the follow-up 
roentgenograms a beginning increase in the calcium density of the bone near the lesser 
trochanter. This represents the calear on which the juncture point of the prosthetic collar 
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and stem rest. This calcium density slowly spreads both medially and distally (Fig. 4). It is 
believed to be a beneficial finding and is considered to represent a further thickening of the 
bone trabeculae in this important area of the shaft through which the major portion of the 
weight stress runs. There is no tendency for the bone to thicken laterally at this level and 
neither increase nor decrease in the calcium density of the normal tension trabeculae is 
usually visible there. Many patients present a decalcified greater trochanter because of long 
periods of immobility or disuse of the abductor mechanism. If the greater trochanter is 
decalcified, it may take a year for the tension trabeculae to reach their normal calcium 
density 

The response of the medullary cavity to the tip of the prosthetic stem consists in a 
productive bone reaction which is best visible in a 15-degree external rotation view of the 
shaft. Here the bone tends to form a hook or curl around the tip of the prosthesis as if to 
fix it against the lateral femoral cortex. As monthly roentgenograms are made, this curl 
increases in density and finally firmly anchors the tip of the prosthetic stem against the 
latera! cortical shaft wall (Figs. 5-A and 5-B). In weight-bearing, the prosthetic stem 
pushes against the lateral shaft wall; the response of the wall to this stress is similar to 
that seen proximally near the lesser trochanteric region, where the calear receives the 
major stress. The bone trabeculae thicken and become denser. The periosteum on the 
outside of the shaft in.that area lays down more bone, so that the lateral cortical wall is 
actually thickened at least a millimeter or two. This favorable periosteal response extends 
from the level of the tip upward about five centimeters. There has been no evidence of 
erosion of the stem through the lateral shaft wall which would allow tipping into coxa 
vara. Some prosthetic stems have been driven through the walls of the femoral shaft 


during insertion. None have cut through at later dates. 


| 


VL. G. Roentgenogram made fourteen months after operation. The increased density of the calear 
femorale is believed to be a beneficial finding. (Reproduced by permission of the Texas Medical As- 
sociation from T'eras State Journal of Medicine, 49: 755, 1953.) 
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Fig. 5-A: V. W. Roentgenogram made seven months after primary arthroplasty for destructive 
arthritis. 

Fig. 5-B: Roentgenogram made one year after operation. The acetabular roof showed no con- 
densation. The ealear and the femoral shaft showed a beneficial reaction to the prosthesis 


The prosthesis should be inserted snugly down the femoral shaft. In younger people 


the medullary cavity is narrower than in older people (Fig. 4). The prosthetic stem is loose 
in a wide shaft, and it may be some time before the curl of bone at the stem tip finally 
anchors the stem to the lateral cortical wall. There is some evidence to show that a fibrous 
band forms about the stem of the prosthesis shortly after its insertion, in the same manner 
in which a fibrous layer forms about an intramedullary nail. This band later calcifies. In 
not all patients, however, does the bone grow tightly about the stem. In some there is 
visible a definite hard, dense, bony cradle separated by a thin radiolucent line from the 
prosthetic stem, indicating that some toggle motion does exist. This is similar to the reac- 
tion seen about the loose stem of a Judet prosthesis which shows motion in the femoral 
neck. This cradle line of demarcation usually disappears in later roentgenograms, when the 
reparative bone has grown more snugly about the metal stem. 

The final response of the femoral shaft to the prosthetic stem ts a thickening of the 
medial wall at the level of the lower two inches of the stem. This seems to be a circum- 
ferential continuation of the sclerosing process begun on the lateral shaft wall (Fig. 6). 
It is a late finding and usually indicates that the prosthetic stem is firmly immobilized, 
The change was more apparent in our earlier cases, in which a larger, round-stemmed 
model was used. This reaction oecurs later and is less pronounced in the present long, 
thin-stemmed model (Figs. 5-A and 5-B). 

Low-grade infection produces a splotchy decalcification or pitting of the walls of the 
femoral shaft. This pitting in the beginning suggests a malignant condition or Sudek’s 
atrophy. On the other hand, marked increase in the calcium density of both the medial 
and the lateral walls of the femoral shaft, which extended well below the tip of the stem 
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Fig. 6: M. D. Roentgenogram made fifteen months after operation. The old type of prosthesis had 


been used. A shelf-like spur had been left at operation to extend the roof of the socket. 


Fig. 7: bh. Bb. Pitting of the shaft was indicative of infection, in spite of the absence of fever. 


in one of our patients with pain, suggested a similar low-grade infection without fever. 

From a theoretical standpoint an ideal prosthesis would be one in which the bone grew 
so intimately around the metal of the prosthesis that the final result would be reinforce- 
ment of bone in the same fashion that concrete is reinforced. The placement of apertures 
in the prosthetic stem was considered but rejected, as from the engineering standpoint 
this would weaken by about 50 per cent. the stem of the model. Although it would be 
an advantage to have bone grow through these apertures at an early date and thus provide 
greater immobility to the prosthesis within the femoral shaft, the unavoidable hazard 
of ultimate breakage far outweighs this early advantage. Extracting such a broken stem 
would require decortication of a large part of the upper end of the femoral shaft, whereas, 
with the present solid stem, extraction would be relatively simple. In one known instance 
of a broken steel stem, a small cortical window cut near its tip allowed the broken stem 
to be driven upward with a Rush nail without too much difficulty. One personal observa- 
tion and two cases in the hands of colleagues have confirmed the fact that these hip 
prostheses after six months were firmly anchored to the bone, so that they could not be 
tapped back out of the shaft. This does not mean that all prostheses become incorporated 
firmly into bone, but it does mean that the design of the prosthesis tends to allow this to 


oceur, 
INDICATIONS 


The primary indication for the use of this prosthesis is non-union, in the aged patient, 
of a fracture of the femoral neck in which absorption of the neck has taken place. It is 
primarily a salvage appliance. 

The second indication is its use in those hips painful because of aseptic necrosis of the 
femoral head after union of a fractured neck of the femur, in which the roentgenograms 
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still show a good acetabular socket and minimal arthritis. Such patients, however, are 
infrequently seen. Most patients with aseptic necrosis have not come to us until there 
has been considerable thinning of the cartilaginous joint space with associated arthritis. 
There is usually alteration in the contour of the acetabular socket, conforming to the de- 
formed femoral head. These patients, in our experience, need some type of arthroplastic 
reaming out of the acetabulum in addition to the insertion of the prosthesis if subsequent 
pain is to be avoided. 

The third indication for use of this prosthesis lies in that group with severe arthritis 
in both hips in which an arthrodesis of one hip is contemplated and some type of recon- 
structive procedure is needed for the other hip. 

In fresh fractures of the neck of the femur, the use of the prosthesis is controversial. 
Although it has a place in isolated instances, such as in patients permanently confined to 
a wheel chair or in fractures resulting from radium necrosis, in general we still believe the 
procedure of choice is the insertion of a Smith-Petersen nail rather than the use of this 


appliance. It is our firm belief that successful nailing with satisfactory healing of the 


fracture gives a better result than can be obtained in most hips in which a prosthesis has 


been employed. 


Fig. 8A Fig. &B 


The capsular incision should be L-shaped, beginning superiorly and angulating at the greater tro- 
chanter toward the lesser trochanter. This makes a large anterior flap. To gain length the capsule should 
be cut from the femur, not from the acetabular rim 


Primary arthroplasty with use of this prosthesis has been done in ten instances. The 
indications for such a primary arthroplasty are essentially the same as those for use of the 
Smith-Petersen cup. The author's experience still leads him to believe that a hip fusion is 
the operation of choice for a painful monarticular hip lesion in a young wage-earner for 
whom long hours of work are necessary. When arthroplasties are indicated, however, this 
prosthesis may be used. The simplicity of the operative procedure and the rapid recovery 
of function without the necessity of elaborate rehabilitation measures is striking. The 
results in this small group have been superior to other types of arthroplasty performed 
by the author. 
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OPERATIVE TECHNIQUE 


The operation may be performed through an anterior Smith-Petersen incision or 
through a posterior Gibson approach. We prefer the anterior incision. The technique of 
operation has been described elsewhere ! 

\t operation the ascending branches of the lateral femoral circumflex artery are 
isolated and ligated. These arterial branches supply nourishment to the capsule and part 
of the neck of the femur. One need feel no qualms in ligating these, since it is planned to 
remove the femoral neck at its base and one need not be worried about its essential blood 
supply. We have noticed no ill effeets after ligation of these vessels. If the neck is to be 
preserved when other types of prostheses are to be used, the blood supply should not be 
altered. This procedure, however, minimizes a considerable normal operative blood loss. 

The method of opening the hip-joint capsule is believed to be of considerable impor- 
tance, because of the danger of subsequent dislocation. The author is firmly convinced 
that the capsule should not be opened in the usual anterior manner. Dislocation usually 
occurs through external rotation of the femoral head, and it is, therefore, important to 
leave a firm anterior capsular flap to hold the head in the socket during external rotation. 
The capsular incision should be made superiorly (Fig. 8-A). Dislocation does not oecur 
by displacement of the femoral head directly laterally and superiorly unless the distance 
from the dome of the head to the outer aspect of the greater trochanter is short. The pros- 
thesis is long enough to prevent this. The capsular incision should begin at the superior 
acetabular margin and run directly laterally to the greater trochanter. It should then curve 
downward and medially toward the lesser trochanter. This L-shaped incision provides a 
large capsular flap to be retracted medially, exposing the hip joint (Fig. 8-B). It is later 
to be sutured firmly back into place, both superiorly and laterally, and is reattached to 
the upper fibers of the origin of the vastus lateralis. The capsule should not be excised 
except in unusual circumstances 

Since in nearly half the cases it is necessary to regain length, because of the shortening 
which results from overriding, this incision allows the capsule to be stripped from the 
femoral insertion both medially and posteriorly by the use of the periosteal elevator or by 
sharp dissection. It is usually necessary to divide the capsule by sharp dissection from the 
superior surface of the neck in the trochanteric fossa. This superior portion of the capsule 
is tight after a long interval of non-union and length cannot be gained unless the capsule is 
completely removed from its femoral attachment. The capsule should never be severed 
from the acetabular margin since dislocation may then occur, not immediately but months 
later, because of improper reattachment of the capsule to the acetabulum. Two instances 
of slow progressive subluxation occurred because of division of the capsule from the ace- 
tabular rim before this salient feature was realized. In one of these dislocation finally 
occurred. No subluxation has occurred in the later cases, in which the present technique 
of opening and suturing back the capsule was used. 

Fracture of the femoral shaft may occur during insertion of the prosthetic stem into 
the medullary canal. The operator should fit the stem snugly into the canal by rocking 
the prosthesis from side to side while it is being pushed downward. It should not be driven 
home except for the last half centimeter. The usual blockage to firm, secure seating of 
the collar on the calear is due to failure to remove the superior portion of the bony neck 
near the greater trochanter itself. Fracture of the shaft can also oecur during reduction 
of the prosthesis into the acetabulum after it has been inserted. Reduction should always 
be attempted with the extremity held in marked external rotation, the assistant pulling 
distally on the limb while the operator pushes downward and inward on the prosthetic 
\s the head “oozes” into the acetabular socket, the extremity may be 


head from above 
internally rotated. Forceful internal rotation applied before this moment is apt to produce 


a serious shattering of the shaft. 
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COMPLICATIONS, THEIR PREVENTION, AND REDEMPTION PROCEDURES 


Three main complications must be anticipated and avoided: infection, fracture, and 


dislocation. 


Infection 

The most serious complication is that of infection, since it nullifies the operation and 
requires ultimate removal of the prosthesis (Fig. 7). [t is not believed that most infections 
are due to improper sterilizing technique, but to make certain that this hazard is not 
present the prosthesis should be autoclaved and not soaked in an antiseptic solution, 
Most infect/ons are due to re-operation on a hip which has been operated upon once, twice, 
or even three times before. We have debated the advisability of extracting the Smith- 
Petersen nail several weeks before insgrtion of the prosthesis. Although we rigidly adhered 
to this practice in the beginning, we now are not confident that it makes any appreciable 
difference. When infection does occur, the best redemption procedure, after extraction of 
the prosthesis, is to place the greater trochanter into the acetabular socket in a fashion 
similar to the Colonna operation. If the prosthesis alone is removed, and the femur is 
allowed to seek its own level, the result will be a rather worthless lower limb in an adducted, 
externally rotated position. One needs the stability in walking which is afforded by place- 
ment of the greater trochanter in the acetabulum. One hopes, of course, that this Colonna 


procedure will result in solid fusion 


Fracture 

A danger which cannot be stressed too strongly is fracture of the femoral shaft. This 
may occur from hammering the prosthesis down the femoral shaft and thus splitting the 
shaft walls, or it may occur during attempts to place the inserted prosthesis into the 
acetabular socket. The latter is more common, either because too much neck has been 
left so that the part is too long, or because the limb has become short from overriding and 
the capsule has not been freed from the trochanteric region, so that there is not sufficient 
laxity of structures to permit restoration of length. Often the femoral shaft is decalcified 
and will break easily. One major fracture occurred in our series. It was handled by a 
primary hip fusion, with use of iliac-bone strips taken from the same side, A colleague in 
another hospital successfully managed this same complication by the use of a Parham 
band which held the fractured pieces about the prosthesis. With the aid of a hip spica, 
union was achieved. 

If full length cannot be obtained by capsular division, more of the calear needs to be 
cut off and shortening must be accepted as a compromise. After the prosthesis has been 
seated well into the femur, the operator should place a finger in the acetabulum to see if 
vigorous traction of more than an inch is still necessary in order to place the metal head 
into the acetabulum successfully. If so, the prosthesis should be withdrawn and more 
of the calear should be removed, until the same test shows that less than a centimeter of 
traction will be necessary to pull the dome of the prosthesis down to the proper level of 
insertion. 

Minor fractures of the shaft have occurred while the prosthesis was being driven into 
the medullary cavity. This should be avoided, since such fractures may be enlarged during 
attempted reduction. Such minor fractures, if noted in the roentgenograms made on the 
operating table, usually heal if the extremity is supported in gentle Russell traction during 
the succeeding weeks. Weight-bearing should not be permitted until the fractures have 
healed. One minor fracture occurred in our series, which successfully healed under this 
regimen. 


Dislocation and Subluxation 
Karly dislocation of the prosthesis from the hip socket may be due either to excision of 
the capsule in a mistaken endeavor to rid the patient of the pain-conducting fibers of 
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the capsular nerve supply or to improper capsular incision or release as already described. 
While excision of the capsule is necessary in some arthroplasties for arthritic hips, these 
patients need immobilization in plaster boots, with the extremity in abduction and internal 
rotation, or in a spica if the formation of a new acetabulum has not created a deep and 
secure enough socket for the head 

Late subluxation occurred in two cases in our series over a six-month period and in 
one of these progressed slowly to dislocation. Both of these hips had rather extensive 
capsular division from the acetabulum through an anterior incision. The resuturing of the 
capsule was not secure enough to anchor the capsule firmly to the acetabulum. In one of the 
two, 3.1 centimeters in length was gained to offset the shortening which resulted from over- 
riding in non-union of the fractured neck of the femur. At re-operation for dislocation, ¢ 
shelf stabilization was necessary after the acetabular socket had been reamed out. This 
successfully kept the prosthesis in the new acetabulum and resulted in stability and a 
satisfactory hip. The second patient is still asymptomatic and surgery is not warranted, 
although roentgenograms reveal that the prosthetic head is teetering on the outer margin 
of the acetabulum 

Since care has been taken in later operative cases to make a superior instead of an 
anterior capsular incision, no subluxation has occurred. We believe the superior capsular 


incision to be of definite value in preventing this rather common complication. 


Wrong Trach 

A minor complication and a trap easy to fall into is allowing the prosthetic stem to 
pass out through the old Smith-Petersen nail hole, just below the greater trochanter, 
during the attempt to insert the stem into the medullary cavity of the femur. This compli- 
cation may be noticed when it is found that the prosthetic collar does not rest properly on 
the stump of the severed neck. It is best guarded against by making a lateral incision to 
extract the nail; this is preferable to extracting it by retracting the tensor fasciae latae 
laterally through the anterior incisional wound. One can then insert the index finger and 
feel the prosthetic stem pass out through the shaft wall instead of going down the intra- 
medullary canal. Following a fixed rule of making roentgenograms at the completion of 


operation will ensure the proper seating of the prosthesis. 
RESULTS 


The results in the thirty-five patients in whom this prosthesis was used must be dis- 
cussed from several important standpoints. There were two cases of infection, one of 
which occurred immediately, necessitating removal of the prosthesis. This was a frank 
failure. In the second case the infection was so low-grade that the prosthesis was not 
removed until eleven months later. This, too, was a failure. There was one severely frac- 
tured femoral shaft which was considered an operative failure, but a successful arthrodesis 
was achieved nevertheless, allowing painless, stable weight-bearing. In a fourth case a 
slowly progressing subluxation developed which required re-operation with shelf stabiliza- 
tion; this resulted in a stable, relatively painless hip with definite limitation of motion. 
The fifth patient, who also had a slowly developing subluxation, still is satisfied with her 
result and does not wish surgery. 

These five cases must be omitted from averaging the results in terms of pain, motion, 
muscle power, and the use of canes and crutches, since they represent frank failures in 


operative technique and do not represent necessarily what is to be anticipated normally 
from the use of this prosthesis. By the same token, those patients with arthroplasties had 
more motion after operation than they had had originally, and their results as regards 
motion should not affeet the average of motion of the other groups. We could not anticipate 


that the prosthesis would result in more motion than had been present before operation in 
every case 
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Pain 


If the five cases mentioned above are omitted, pain may be evaluated in thirty pa- 
tients. The pain was so great in two of these that the operations must be considered unsue- 


cessful. Both represented instances of aseptic necrosis of the head of the femur with 


associated acetabular arthritis. The prosthesis had been inserted without a primary 


arthroplasty of the acetabulum and without reaming out of the degenerated, friable articu- 


lar cartilage to form a new socket. The failure to obtain relief of pain in these two cases 


was believed to be due to the insufficiency of the arthroplasty, since other patients with 


a proper reaming out of the articular cartilage have obtained painless hips. The remaining 


twenty-eight patients have been satisfied with the relief of pain obtained. Three of these 


occasionally have enough pain to consult the author, but are definite in their statements 


that the major portion of the pain is relieved. The remainder of the twenty-five patients 


have been completely relieved of their pain. 


Hip Motion 
An evaluation of the hip motion in the thirty patients under discussion must be made 

in three separate categories: 

1. Patients with early non-union, without shortening, in whom the necrotic head had 


been removed and the prosthesis had been inserted without extensive capsular division 


have regained full range of motion of the hip joint. All the patients in this group are able 
to flex their hips to a position of 45 degrees, to extend them fully, and have essentially 


normal internal and external rotation. This motion is classified as excellent and the control 


of the limb in these patients is excellent. 


2. In those hips in which extensive capsuiar division had been necessary to gain length, 


because of overriding and shortening, motion is not so complete as in the first group. These 


have usually had an associated arthroplasty or reaming out of the acetabulum because of 


degenerative arthritis. Five of the seven patients have flexion of more than 90 degrees. 


They have some limitation of internal rotation and of abduction. They are able to sit 


normally and to handle their extremities without too much stiffness. Two patients have 


difficulty in putting on their shoes and stockings. 
3. In all those cases in which arthroplasties have been done for a primary degenerative 


condition and in which pain and limitation of motion were present before operation, motion 


has been greater after insertion of the prosthesis. In these, flexion has usually been slightly 


more than 90 degrees, with good internal rotation and limited external rotation and abdue- 


tion. These patients definitely have increased their range of motion and control of the limb 


since the one-year follow-up milestone. 


Two patients with aseptic necrosis did not have an arthroplasty at the time their 


prosthesis was inserted. Their motion is poor because of pain and spasm. 


4 USCLE ower 
Vuscle 


In no case has muscle power returned to normal. Although stability is present in these 
hips and there is no positive Trendelenburg sign or an abductor lurch, the muscle power 


still has not been noted in a single case as being normal. The power of hip flexion and 


extension is sufficient to sustain body weight in climbing or descending stairs. The chief 


deficiency in muscle power seems to be in the abductors and it takes well over a year for 


the patient to hold the abducted extremity elevated above the table without tilting his 


pelvis. 


Use of Canes and Crutches 


At the time of writing only five patients are able to walk without crutches or a cane, 
This has been a most discouraging factor to the surgeon, but it does not represent a disap- 
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pointment of magnitude to the patient. Most patients seem perfectly capable of walking 


across the room without a cane. They state, however, that they do not feel secure with- 


out one and still wish to use it as an everyday practice of safety. Crutches are insisted 
upon for a period of nine months until the femur has regained strength and has become 
well mineralized. The few patients under forty-five years of age gain the ability to walk 
with a cane earlier than the aged and are the first to walk without support. Since the 


strength of these hips seems to improve well into the second year after operation, it can 
be expected that more patients will be able to walk without canes or crutches at a later 


date 


aths 


There have been no deaths attributable to the operation. One patient of ninety-two 


vears died four months after she had become ambulatory. One patient whose fracture was 


due to radium necrosis died from metastatic disease of the cervix after nine months. 


Fracture of i rosthesis 


Fracture of the prosthesis has not been encountered and has not been reported to the 


manuiacturers 


CONCLUSIONS 


This prosthesis offers valuable salvage possibilities. Its use as a primary arthroplastic 
procedure gives promise for the future. Complications encountered early in the series have 


taught us pitfalls to avoid and our five technical failures should serve as valuable lessons 


in the use of the appliance. Two years’ experience give little cause for fearing that the 


body will not tolerate the prosthesis. A viable head after a successful nailing, however, is 


still a more desirable result. 
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(Continued from page 488 


the major complaint and the only one which is of any real importance to them. For these the hip prosthesis 


offers a que k and relatively safe solution. In younger patients, mn whom resumption of active function is 


the major consideration, the prosthesis or Vitallium-cup arthroplasty is certainly indicated if the head shows 


well established avascular changes or excessive demineralization and absorption 

We are honored to have Prof. d’Aubigné with us today and are indebted to him for the sacrifice he has 
made to come here to share with us his vast experience in the use of the femoral-head prosthesis. We are 
of the results he has obtained in this new field of surgery, but by the 


impressed not only by the excellence 
principle of obtaining anatomical and mechanical restitution of the 


great importance he attaches to the 


to attain this, the surgical approach must provide adequate exposure 


components of the hip joint In ordet 


of the acetabulum and the femoral head and neck 
Prof. d’ Aubigné emphasizes the necessity of restoring the normal length of the neck by a cervico-capital 


prosthesis when the neck is short and he reports that, in his early cases, in which this was not done, 56 per 


cent. of the results were tar or poor 
His careful analysis of the stages of functional adaptation of the hip to the prosthesis should be a 


valuable guide in evaluating our own results. [t is important to know that during the first year the func- 


tional result is largely dependent upon the mechanical restoration of the components of the hip joint In 


ear adaptive changes occur which may either impair or improve the function, After the second 


the second 
vear a sfalus quo is usually established and the hip changes very little, except in that relatively small group 


of eases in whieh deterioration continues and failure occurs 
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I am certain that the femoral-head prosthesis is a valuable addition to reconstructive surgery of the 
hip and that further experience will establish both the indications and the contra-indications for its use. I 
wish again to express my own appreciation and that of our Association to Prof. d’Aubigné for his excellent 
presentation. 

Dr. Thompson's paper expresses sound thinking and there is nothing in it with which I can disagree 
We all appreciate the many helpful suggestions which help to simplify the operative technique and to 
avoid accidents which impair the functional result 

We have used the Thompson prosthesis in all cases of non-union in which the neck was short. The results 
have been so satisfactory that we are planning to extend its use. 

Medical history shows that, whenever a new medicine or a new surgical procedure is introduced, there 
is an inevitable tendency to extend the indications for its use to conditions for which it had never been 
intended. This applies particularly to the use of the hip prosthesis in the treatment of fresh fractures of the 
femoral neck. In 60 per cent. of our cases of fresh fracture of the neck of the femur there was union with 
a living head and an essentially normal hip. The functional capacity in this group could not have been 
achieved by any tvpe of reconstruction procedure or prosthesis. No type of treatment should be used rou- 
tinely which deprives a patient of the opportunity of such a favorable outcome. Use of the prosthesis in fresh 
fractures should be restricted to exceptional cases until we are able to predict with reasonable certainty 
which eases are doomed to that group of 40 per cent. in which avascular necrosis develops, or non-union, or 
both. The specter of non-union and avascular necrosis in 40 per cent. should not make us forget the 60 pet 
cent. of normal hips 

There is at present no practical method of determining the residual amount of blood supply to the 
femoral head at the time of the fresh fracture. Much experimental and clinical research with radio-active 
phosphorus (P*) is being carried out to answer this question. 

I am more familiar with the work of Dr. Harold Boyd who is exploring the clinical phase of the problem 
He is endeavoring to work out a practical method of determining the amount of blood supply to the femoral 
head at the time of the primary treatment, so that we may have some reasonably dependable standard on 
which to base a prognosis as to the fate of the femoral head. This should be a helpful guide in determining 
the method of treatment to be employed. 

Radio-active phosphorus (P®) is injected intravenously two hours before the nailing of the fresh fracture. 
At the time of nailing, relative counts are made by means of a Geiger counter introduced first into the femoral 
head and then partly withdrawn; a second count is made in the greater trochanter, the standard ratio 
between these counts having previously been determined on the basis of normal hips. A decrease in the 
normal ratio of the ,head count to the trochanteric count indicates an impairment of the blood supply in 
the femoral head, either partial or complete, depending on the variation of the ratio 

The results so far have been sufficiently consistent to make us believe that this procedure may become a 
practical method of measuring the blood supply in the femoral head and predicting its probable fate. A 
large series of cases will have to be studied in which the variations in the ratio of the head count and the 
trochanteric count and the predicted fate of the head are correlated with subsequent clinical observations 
If these are in agreement, the method will be of practical value. 


Dr. Harry WinkKLER, Cuartorre, Norra Carouina: In our own clinic we have had experience in 
operating on about sixty hip joints in which we used various types of prostheses; the average follow-up 
period was eighteen months. We feel that this comparatively new procedure offers the only helpful solution 
to certain difficult problems in the hip joint. In one patient, a colored housewife with osteo-arthritis of 
the hip, a Smith-Petersen cup arthroplasty had been attempted. For this we substituted a Judet prosthesis. 
The patient has been followed for more than eighteen months; she is walking well and doing all of her house- 
work, including heavy laundry for the family. In another case the preoperative roentgenograms showed 
bilateral osteo-arthritis, and cup arthroplasties were performed. Absorption of the neck began to take place 
in the left hip; the patient complained of persistent pain in this hip and requested removal of the cup, which 
was done. Her relief was so great that we also removed the cup from the opposite hip, again at the patient's 
request. (Dr. Winkler then projected a slide showing the left hip after introduction of a Judet prosthesis 
into the narrow nub of the neck which was revealed following the mold arthroplasty.) 


Dr. Fremont A. Cuicaco, In my observations of prostheses in the hip have 
found the push-pull technique of making roentgenograms most useful. Such roentgenograms reveal move- 
ment between the prosthesis and the bone structure, whereas single roentgenograms do not. I should like to 
urge that more thought be given to the employment of this technique 

I wish to raise another point which I feel contributes to a better understanding of pathological changes 


in the hip joint. This is the concept of “coronary disease of the hip’ which I set forth several years ago." 


u. CHANDLER, F. A.: Coronary Disease of the Hip. J. Internat. Coll. Surg., Il: 54-46, 1948 
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attention was drawn to the similarity between the circulation of the femoral head and that 


In this paper 
ach structure is supplied by end arteries which protrude into the synovial structures of the 


of the heart 
joint in the case of the femoral head and into the pericardium in the case of the heart. The term ‘‘coronary”’ 
is confined to the heart only by usage. ‘Coronary’? means crownlike or encircling, a term which describes the 
circulation both of the heart and of the femoral head. If this concept is kept in mind in the treatment of 


the various conditions of the hip, a clearer insight into the pathological changes will result. 


Dr. Leonarp T. Pererson, Wasuinoron, D. C.: Having previously reported on the use of the Collison 
prosthesis, | wish at this time to endorse the Frederick Thompson type of prosthesis which I have used 
exclusively for the past fourteen months. It is an excellent prosthesis and simpler in application. In a series 
of sixty-five hips, we have inserted the Thompson prosthesis in twenty-five, and we have been particularly 
pleased with it. Dr. Thompson will probably agree that one can dispense with the models for the right and 
left side and use only the standard model 

In our series about twenty fresh fractures are included. In twelve of these the Thompson prosthesis had 
been inserted and it was found that its usefulness was greatest in these fresh fractures. 

Dr. Pauw Sreeve, Prrrspurcu, PENNSYLVANIA: We were very enthusiastic about these prostheses and 
used them in seventy-eight patients. Seventy-five of these have pain; they also show limitation of motion, 
thickening, and various other undesirable features. Perhaps this was due to our methods; at any rate, I 
have seen only one good result in this series. I have followed all of these patients; they have a fair range of 
motion, they use their hips all the time, they have a little difficulty in walking at night, but they all have 


Charcot hips 


Pror. vp’ Ausiané (closing): The fourteen dislocations in our series occurred only in the first two years. 
In the last three years, during which we performed 300 operations, we had no dislocations. Patients come to 
us from many countries for this operation and this accounts for the large number in our series. Often they 
are sent by other patients. | would say that 75 per cent. of our patients are very happy with their results. 
They are doing very well and are walking without a limp and without a cane. I do not think that these facts 
can be completely disregarded, as many of these patients had been crippled and needed help. That is the 
reason | believe in these prostheses. We must learn through experience when to use them and when not to. 


and that is what I have been trying to do 


Prov. McFartanp (closing): | am glad that the presentation of these papers gave so many people an 
opportunity to discuss their own results. It is not difficult to present a large number of patients who are 
satisfied with their operations. | want to make it quite clear, however, that I have an open mind on these 


procedures and | hope that eventually we will find something very much better. 


Dr. Thompson (closing): I firmly believe that the appliance which I designed should be used only as a 
salvage procedure. Unfortunately we see many patients with non-union in whom a Dickson type of osteotomy 


is not possible. We have performed Dickson osteotomies and have achieved what we thought were excellent 


surgical results; union was obtained, but aseptic necrosis later ensued. In others the slipping, displacement, 
and shortening were so great that this osteotomy was not feasible. It is primarily in such cases, when there 
is absorption of the neck and overriding of an inch or an inch and a half, that this appliance offers valuable 
sulvage possibilities. | must again stress the fact that in such cases the capsule must be loosened from the 
femur and not from the acetabulum. In order to gain the length necessary to perform a proper salvage pro- 


cedure, one must release the capsule. We have found that this is somewhat easier to accomplish through an 


anterior 
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REGIONAL STRESS ANGIOGRAPHY OF THE HIP 
A PRELIMINARY Report * 


BY JESSE T. NICHOLSON, M.D., HARVEY P. KOPELL, M.D., AND FRANK A. MATTEL, M.D., 


PHILADELPHIA, PENNSYLVANIA 


From the Department of Orthopaedic Surgery, Children’s Medical Center, Philadelphia 


The following study of regional stress angiography of the hip was undertaken as a 
means of visualizing a suspected diminution in blood supply which may result from placing 
the limbs in the “‘frog-leg position’’. The frog-leg position is commonly used to maintain 
the reduction of a congenital dislocation of the hip. In this position the hips are held in 
abduction of approximately 90 degrees, flexion of 90 degrees, and external rotation of 


90 degrees. 


Fic. 1 

Case 1, a girl, eleven years old. The cause of death had been acuu- glomerulonephritis, with hyper- 
tension before death. 

The right lower limb was held in the “frog-leg position’’. 
the bifureation. The pressure used was 120 millimeters of mercury. 

It appeared that the position of the right limb interfered with the entrance of the injection substance 
into both the medial and the lateral femoral circumflex arteries, and the profunda femoris was poorly 
filled. The obturator arteries were not well visualized in this roentgenogram 


The abdominal aorta was injected above 


* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 
January 26, 1953. 
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OF THE HIP 


REGIONAL STRESS ANGIOGRAPHY 


Avascular necrosis of the 
femoral head has been a com- 
mon complication after re- 
duction of a congenital dis- 
location of the hip. Necrosis 
of the femoral head has also 
been observed as a complica- 
tion in the normal undislo- 
cated hip after a period of 
fixed abduction of the lower 
extremities 

Numerous studies have 
been made of the circulation 
to the femoral head. These 
studies have been based on 
direct visualization after in- 
jection of local arteries and 


on angiography. qualita- 


tive determination of circula- Fic. 4 
alae to the femoral head has Case 5, a girl, ten months old. The cause of death had been pul- 
been aided by cross-section monary oedema following a transfusion 

The left hip was brought to the frog-leg position against moderate 
i ; E adductor resistance. It was then injected at a pressure of seventy- 
of the arteries. The arterial eight millimeters of mercury. 

There was almost no injection substance in the left hip. The femoral 
; ; artery was very poorly visualized distal to the origin of the profunda 
determined, were done on dis- — artery 


studies after selective ligation 
injections, as far as can be 


sected specimens with the 
hips in nearly anatomical position, that is, in extension of approximately 180 degrees, 
with the lower extremities parallel to the median line and the same degree of external 
rotation. 

It was stated by Tucker in 1949 that the tight adductors of the hip were the chief 
offenders in whatever circulatory impairment the frog-leg position entails. Our study was 
directed toward a comparison of the frog-leg position alone and the frog-leg position com- 
bined with adductor tenotomy in their effect upon the arterial supply to the hip. 

The method used in this investigation was the injection of fresh autopsy material 
for angiography. In all of the cases, injections were performed within twenty-four hours 
after death. 

The medium injected consisted of a mixture of barium sulphate and lead chromate 
suspended in a 10 per cent. solution of vinylite (copolymer of acetate and chloride) in 
acetone '. The abdominal aorta was cannulated as high as possible above its bifurcation. 
(This was important in order to assure equal pressure in the common iliac arteries.) The 
arterial tree was flushed, first with water and then with acetone. The pressures used for 
flushing and injecting were gauged by a mercury manometer. Arbitrarily, the pressure 
chosen for injection was somewhat close to a mean arterial pressure during life; the 

. flushing was done at a pressure of ten to twenty millimeters of mercury higher than the 
injection. The apparatus used contained a substantial hydraulic reservoir to maintain 
approximately uniform pressure throughout the procedure 

The vinylite mass hardened within three to five minutes after injection. The limb or 
part could then be moved for roentgenographic examination without the risk of disturbing 
the amount of localized injected material. 

The experiments were divided into two sections. In the first part the injections were 
made into the abdominal aorta while one hip was held in the frog-leg position and the other 
in the neutral position. After sufficient time had elapsed for the injected mass to set, 
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Fig. 5-A: Case 6, a girl, five months 
old. The cause of death had been con- 
genital heart disease. 

Both extremities were placed in the 
frog-leg position. There was moderate 
adductor resistance; in the last five de- 
grees of abduction the adductors were 
taut and prominent. A subcutaneous 
tenotomy was performed on the left side. 
The frog-leg position was maintained 
until the injected material had set. The 
injection pressure was seventy milli- 
meters of mercury. 

Fig. 5-B: The left side showed heavier 
and more complete arterial tracings 
than the right. Although the femoral 
artery was visualized coursing down the 
extremity on the right, non-tenotomized 
side, the hip was conspicuously avascu- 
lar. The appearance of the non-tenot- 
omized side was comparable to that 
after injection with a single extremity 
in the frog-leg position, as in Cases I, 
and 5. 


both extremities were placed in the 
anatomical position for x-ray ex- 
amination. In the second part of 
the experiment both extremities 
were held in the frog-leg position, 
and a subcutaneous adductor tenot- 
omy was performed on one side. 
The injection into the abdominal 
aorta followed the adductor tenot- 
omy. The roentgenographic exami- 


Fic. 5-B nation was made with the lower 


limbs in the anatomical position. 

Subsequently it was found that better visualization of the arteries was obtained when the 
limbs were internally rotated during the x-ray examination. 

Right cadaver injections were made by Dr. Kopell and Dr. Mattei. Of interest, but 

not entering into the compilation of results of this study, are six additional cadaver in- 


jections made by two residents. These are represented in Table 1, Cases 9 to 14. In this 
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hig. 6. Case 7, a boy, one day old. The cause of death had been a tracheo-oesophageal fistula 

Both extremities were placed in the frog-leg position. The adductors were taut and prominent. The 
subcutaneous adductor tenotomy was done on the right side. The injection pressure was fifty-four 
millimeters of mereury. A clamp was used, after fixation of the injection substance, to maintain both 
hips in the same position of internal rotation for the roentgenogram. This position demonstrated the 
arterial system by throwing its image medial to the femur 

The arterial system of the hip area was more completely visualized on the right side, on which 
tenotomy had been performed. It was assumed that in the frog-leg position the taut left adductors 
interfered with the passage of the medium into the hip circulation 


Fig. 7. Case 8, a boy, one day old. The cause of death had been erythroblastosis foetalis 
In the frog-leg position the adductor tendons were very prominent and under marked tension. The 
adductors were sectioned on the right. The injection pressure was fifty millimeters of mercury 
The arterial tree was well visualized on the tenotomized side. On the non-tenotomized side the fe 
moral circulation was almost completely obliterated 
latter group, the frog-leg position was not used, but one or both extremities were abducted 
with an extended knee. The findings in these cases partly confirmed the previous results 
and partly revealed additional information 

Higher injection pressures in infants with poor adductor tone resulted in filling of 
tee arteries in the presence of full abduction of the extremity (Case 11). This was also 
shown in Case 3 

Abduetion with the extremity internally rotated produced poor filling of the arteries 
in the hip area in the one case in which this was attempted (Case 10). 

Again after unilateral tenotomy with the extremities abducted, better filling of the 
arteries Was obtained on the side of the tenotomy (Case 14). If, however, the extremity 
was forced into further abduction after tenotomy and before the injection, less filling of the 
arteries was obtained on the side of the tenotomy (Cases 12 and 13). This introduced the 


question of whether there was diminution of circulation from stretch on the femoral 


artery or a further compression effect from the non-tenotomized adductor minimus and 
adductor brevis 

In evaluation of results both postmortem conditions and the physical properties of 
the injection medium must be taken into account. The nature of muscle rigor differs from 
the action of muscle tone. The antemortem state of the blood vessels differs from the 
postmortem state, and the viscosity of blood and the injection medium are dissimilar 

The physical properties of the injection medium are such that it has a definite resist- 
ance to flow, Its flow per unit time is relative to the pressure head and is inversely related 
to vascular resistance. This, coupled with the fact that the mass sets within a relatively 
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short period of time, enables it to function qualitatively as a pressure or resistance indi- 
cator. As it is a varying slurry rather than a uniform suspension, exact quantitation pre- 
sents an unsolved problem. The absence of injection substance in any area does not neces- 
sarily mean that there is a circulatory block, but it may mean that the pressure head in 


that area is not great enough or that the vascular resistance is too high to permit apprecia- 


ble flow before setting occurs. This is illustrated by the poor visualization obtained by the 


low pressure used in Case 2. On the other hand, if the injection pressure is high, no demon- 


stration of the vascular resistance resulting from the frog-leg position can be obtained, 


as was illustrated in Case 3 (Fig. 2). There are two intermediate states: (1) The pressure 


is sufficient to visualize the femoral system with the extremity in the neutral position 


(Cases 4 and 5, Figs. 3 and 4), and (2) the pressure is adequate for filling of both femoral 


trunks, but is insufficient to fill the arteries in the hip area of the abducted or non-tenoto- 


mized hips, as demonstrated in Cases 1, 6, and 7 (Figs. 1, 5-A, 5-B, and 6). 


It appears, therefore, that the intravascular resistance or, conversely, the effective 


intravascular pressure of the hip area is affected by the frog-leg positic: The arteries 


most sensitive to the position are the medial femoral circumflex, the lateral femoral circum- 


flex, and the profunda. 
Adductor section apparently abolished the vascular effects produced by the frog-leg 


position, particularly when adductor resistance had been encountered (Cases 6, 7, and 8, 


Figs. 5-A, 5-B, 6, and 7.) 


SUMMARY 


1. There was reason to believe, on the basis of angiography in autopsy material, that 
the frog-leg position interfered with arterial filling in the hip area. 


2. This effect appeared more marked in the presence of adductor resistance. 
3. The arteries affected by the position were the medial femoral circumflex, the lateral 


femoral circumflex, and the profunda femoris. 
4. Adductor tenotomy proved to be an aid in abolishing the effect of the frog-leg 


position upon the arterial circulation to the hip area. 


Nore: Appreciation is expressed in acknowledgment of the cooperation and suggestions of Dr. John W 
Hope, Chief of Radiology at the Children’s Hospital. Grateful acknowledgment is also made to Dr. Henri 
Carrier and Dr. Livius L. Lankford, Residents in Orthopaedics 
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DISCUSSION 


Dr. A. R. SHAaNnvs, WILMINGTON, DeLaware: The authors’ technique of injection is interesting and the 
results are most informative. The authors state that aseptic necrosis has been seen in normal hips immobilized 


in the frog-leg position. | have never made this observation. I would question whether adductor resistance 


in the frog-leg position lasts sufficiently long to do permanent damage to the hip circulation 


The questions which are suggested by this work are: (1) How long does it take for circulatory changes 


of the character described to affeet the nutrition of bone and cartilage? (2) Does the necrotic process take 


place as rapidly in these tissues as in soft tissues? 
It would be worth while to review the congenitally dislocated hips which have been treated during the 


last twelve and one-half vears by closed reduction and immobilization in the frog-leg position in our Hospital 


in Wilmington. During this period forty hips in twenty-eight patients have had initial immobilization in 


the frog-leg position after closed reduction for congenital dislocation, Of this number, six hips in six patients, 


or 15 per cent. of the hips, showed evidence of aseptic necrosis in roentgenograms made five to twenty months 
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after closed reduction and plaster immobilization in the frog-leg position. In all six hips the functional result 
was excellent in from two to ten years after reduction. This percentage is much lower than the percentage 
reported; in our review of the literature, the percentage of aseptic necrosis was found to range from 17 to 59. 


Dr. J. Hamirvon ALLAN, CHARLOTTESVILLE, VirGinta: Recent end-result studies of congenital dis- 
location of the hip have suggested that the development of avascular changes in the femoral head after re- 
duction is one of the major factors responsible for an unsatisfactory end result. 

Ferguson and Howorth®, in 1934, described a type of coxa plana which is due to tension of the soft tissues 
about the femoral neck and which occurs particularly in congenital dislocation of the hip as a result of 
immobilization in forced abduction and rotation. 

Follow-up studies of treatment of congenitally dislocated hips in many clinics have indicated that the 
incidence of avascular necrosis is much higher in those hips treated by manipulation and immobilization in 
forced abduction and rotation than in those hips treated by preliminary traction, adductor tenotomy when 
necessary, and immobilization in less extreme positions. 

The anatomical studies of the circulation of the head of the femur by W'pleott ® and more recently by 
Tucker * and by Howe and his associates» have stressed the importance of the medial femoral circumflex 


artery as the major arterial supply of the femoral head. 
Obviously the next step in studying the cause of vascular changes occurring in congenitally dislocated 
hips after reduction is to demonstrate that the obstruction of this vital blood supply to the hip results 


from one or more of the various steps in the treatment program. 

Dr. Nicholson's method of doing this is most interesting. Although these angiographic studies are subject 
to many variables, they nevertheless demonstrate that forced abduction and rotation of the extremity com- 
bined with increased adductor tension impair the circulation in the hip area. Furthermore, they indicate 
that surgical release of the adductor tension produced by this extreme position relieves the circulatory dis- 
turbance to a considerable degree 

Unfortunately the contrast is not clear enough to pin-point the site of vascular obstruction. Is it, as 
Tucker has suggested, that the posterior superior and inferior branches of the medial circumflex artery are 
vulnerable in their course along the femoral neck and are trapped between the femoral neck and the acetabu- 
lar margin, or is the vascular obstruction close to the point of origin of the medial circumflex, where it can 
conceivably be compressed by the pectineus, iliopsoas, adductor brevis, and their intermuscular septa? 

These angiograms show grossly that the filling defect begins close to the origin of the medial circumflex. 
It would be enlightening if such a study could be supplemented in one or more of the following ways: (1) 
by dissection, to visualize directly the results of the injection and the point of obstruction; (2) by a com- 
bination of this study with angiographic studies made under similar conditions of stress and adductor tension 
release but with the use of the Trueta method °¢ of injecting the end arteries of the hip; and (3) by demon- 
strating the point at which vascular obstruction begins in various planes of motion. 

Dr. Nicholson's studies have added to our knowledge by demonstrating the importance of eliminating 
adductor tension as a means of improving our end results in the treatment of congenital dislocation of the 
hip 
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TORSION OF THE LOWER EXTREMITIES IN SMALL CHILDREN * 


BY J. H. KITE, M.D., ATLANTA, GEORGIA 


Torsion of the lower extremities in small children usually takes one of two patterns. 
The children may have medial torsion and be bow-legged and pigeon-toed, or they may 
have lateral torsion and be slightly knock-kneed and flat-footed. 

Medial torsion should be considered in two groups — congenital and acquired 
because of differences in etiology and in treatment. 


CONGENITAL MEDIAL TORSION 


In this group the torsion is chiefly between the knee and the ankle, and there is a 
marked lateral convexity to the leg (Fig. 1-A). The deformity is present at birth but may 
not be recognized then. 


Etiology 

The deformity has been described by Nachlas, who says that it may be either an 
atavistic reversion or a developmental arrest. The orangutang, the gorilla, and prehistoric 
man show medial torsion of the leg. The human foetus shows an inward torsion of the 
tibia during its development. The developmental-arrest theory is more acceptable to the 


parents. 


Signs and Symptoms 


The chief complaint given by the mother is that the child is pigeon-toed or bow- 


Fic. 1-A hic. 1-B Fic. 1-C 

Fig. 1-A: A fifteen-month-old girl, who was breast-fed and given oleum percomorphum for the first 
eight months. She walked at fourteen months and was bow-legged and pigeon-toed without any signs 
of rickets. Braces were worn for five months. 

Fig. 1-B: The result two years later. 

Fig. 1-C: Photograph taken five years after Fig. 1-A. 

* Read at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia, June 

30, 1953. 
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Rotation test in congenital medial torsion. 
Fig. 2-A: In congenital medial torsion, the twisting is chiefly between the knee and ankle. There is also 
a lateral convexity of the leg 


Fig. 2-B: When the limbs are rotated medially, the patellae can be turned inward as far as they can in 
normal limbs. In ae quired torsion, the patellae can be rotated medially 90 degrees or more 


Fig. 2-C: The limbs can be rotated laterally approximately the normal amount. 

legged. The child with this complaint is usually seen between the sixth and the eighteenth 
month. Sometimes the mother will notice the deformity before she leaves the hospital, or 
the grandmother will notice it as soon as the baby is brought home. The pediatrician may 
call attention to the extremities on the first visit. When the medial torsion is noticed 
shortly after birth, there is no doubt about its being congenital. However, it may be over- 
looked until the child begins to walk. Then it is more difficult to tell whether the patient 
has a congenital or an acquired malformation. 

The deformity is symmetrical. It occurs in well nourished and, often, in overweight 
children. When the child stands or walks, the feet are so adducted that at a distance they 
may suggest metatarsus varus. When he sits with his knees flexed, the feet are adducted 
and the toes are pointed inward at a 35-degree to 45-degree angle. When he is lying on his 
back with the limbs extended and the patellae pointing forward, the medial torsion makes 
the feet point in. In this position, the knees and ankles are about the same distance apart. 
The child may appear to be slightly knock-kneed. When the limbs are allowed to roll 
laterally from the bips, the patellae have to point laterally 45 degrees or more to allow 
the toes to point straight forward. In this position, the limbs appear to be bow-legged. In 


the average case, when the malleoli are made to touch each other, the condyles of the 


femora are about two finger-breadths apart and the space below the knees is about three 
finger-breadths wide. There is very little deformity of the femora in those with congenital 


medial torsion. 


Rotation Test 
When the ankles are grasped and the limbs are rotated medially and laterally, the 
patellae can be turned medially and Jaterally about as far as in a normal child (Figs. 2-A to 


2-('). This is not true in an acquired deformity. 


Roentgenograms 
In the roentgenograms the shadow of the soft part shows a lateral convexity to the 
lower leg, but the shafts of the tibia and the fibula are straight (Fig. 3-A). The metaphyses 
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Fig. 3-A Fic. ¢ 
Fig. 3-A: The shafts of the tibia and fibula are straight, but there is a lateral curving of the shadows 
of the soft parts. The angulation takes place in the epiphyseal lines 
Fig. 3-B: Normal contour of the bones two vears later. The deformity was corrected by double bow- 
leg braces 


at the distal ends of the femora and the proximal ends of the tibiae show an expansion of 
the bone on the medial side. The metaphyses extend much further medially than do the 


epiphyses. 

The roentgenograms never show any cupping or fraying suggestive of rickets. There 
is an increased density of the metaphysis adjacent to the epiphyseal line. In some cases this 
may be slight, while in others it is marked. 

The angulation which produces the lateral convexity takes place at the epiphyseal 
lines. The change is most marked at the distal epiphysis of the tibia. Instead of the line 
being perpendicular to the long axis of the bone, it is oblique, facing medially. The tibia is 
shorter than normal and the fibula is longer. 

Nachlas says that the medial torsion can be diagnosed roentgenographically by the 
fact that one end or the other of the fibula is shown to be twisted behind the tibia. This 
has been a rare finding in our cases. Most of the children have had roentgenograms made 
in two positions, one with the patellae pointing forward and another with the toes pointing 


forward. 


Diagnosis 

Cases of congenital medial torsion with bow-leg have been misdiagnosed for years 
as rickets. In these cases of medial torsion, the abdomen is no more prominent, the lumbar 
lordosis is no more marked, and the Harrison's groove is no deeper than in normal children. 

If the very rare cases of “ vitamin-D-resistant rickets’’ are excluded, there is very 
little evidence in the cases studied that rickets played any part in the production of these 
cases of bow-leg or knock-knee. 

Congenital medial torsion may be confused with congenital metatarsus varus, but the 
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Fig. 4: The medial torsion is corrected by twisting the limb against the deformity. The mother grasps 
the medial side of the foot with one hand and the lateral side of the knee with the other and rotates the 


foot laterally 

Fig. 5: To correct the lateral convexity, the mother stands to the side of the child, grasps the knee with 
one hand and the ankle with the other, and puts pressure on the lateral side of the leg with the thumbs. 

Fig. 6: The brace recommended is attached to a pelvic band. The limbs are set in slight lateral rota- 
tion, and there is a little more lateral rotation between the knees and ankles. This corrects the medial 
torsion. The lateral convexity is corrected by pressure at three points. There is a pad on the medial side 
of the knee and a strap around the medial malleolus and lateral bar. This fixes each end of the leg. Pres- 
sure is put on the lateral side of the leg by a strap around the middle of the leg, which is attached to the 
medial bar. (This strap is not attached to the lateral bar.) 


deformity in metatarsus varus is limited to the foot. In metatarsus varus there is not only 
adduction of the fore part of the foot and a higher arch, but there is a prominence on the 
lateral side of the foot near the base of the fifth metatarsal. Muscle imbalance is present. 
The foot is always supinated and adducted. The foot is less flexible than the normal, and 
the fore part of the foot cannot be passively abducted past the mid-line. 

Other conditions which may cause bowing are quite familiar. Trauma or osteomyelitis 
may injure the epiphyseal line on one side, stop its growth, and produce an angulation. 
Chondrodystrophy, osteogenesis imperfecta, and osteochondrosis deformans tibiae (Blount- 
Barber disease) are so entirely different from congenital medial torsion that they present 


no problem of differential diagnosis. 


Prognosis 

There may be spontaneous improvement. This is usually slight and we cannot, with 
any assurance, say that the child will outgrow the deformity. Without treatment, the 
prognosis for the children with the congenital type is poor, but for those with the acquired 


type it is good. 


Treatment 

The orthopaedist and the pediatrician have, in times past, recommended an increase in 
the cod-liver oil or ‘drops’, or the change to another cod-liver-oil substitute. Sometimes 
there was a spontaneous improvement, and the change in oils was given credit. In many 
cases there was no improvement. 

When the child is first seen, it is explained to the mother that this is a congenital 
deformity, that it is more difficult to correct than the acquired deformity, that the child 
may need double braces, but that for the first two months conservative treatment should 
be tried. 
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medial torsion of the lower ex- 
tremities, there is a definite medial 
twist between the knee and the 
ankle, but the lateral convexity is 
less than in the congenital type. 
The position of the feet more 
nearly resembles congenital meta- 
tarsus varus. 

Fig. 7-C: The baby sleeps in the 
knee-chest position with the feet 
turned medially. 

Fig. 7-D: His “ position of com- 
fort”’ is sitting on his feet. If his 
feet are placed in front of him, he 
will immediately change his posi- 
tion and sit on his feet. 


The mother is shown 
how to “stretch” the baby’s 
limbs (Fig: 4). While the 
-baby lies on his back, the 
mother stands facing his feet 
and grasps the medial side 
of the foot with one hand 
and the lateral side of the 
knee with the other. She 
holds the knee pointing for- 
ward and twists the foot 
laterally, as in wringing 
clothes. She holds that posi- 
tion for a full half minute, 
releases the leg for an instant 
to rest the baby, and then 
repeats the exercise. She is 
instructed to spend about 
three minutes on each leg 
twice a day. 


The second manoeuvre is to correct the lateral convexity (Fig. 5). The mother stands 
to the side of the child, grasps the knee with one hand and the ankle with the other, and 
puts pressure on the lateral side of the leg with the thumbs. The thumbs are placed near 
the middle of the fibula, and the ankle and knee are drawn laterally, as one would do in 
straightening a bent wire. She holds this for a half minute, releases the leg for a few sec- 
onds, and repeats the exercise. It is suggested that she carry out these two exercises for 
ten to fifteen minutes morning and night. 

If there is no improvement after six to eight weeks, a metal bar may be placed across 
the shoes to rotate the feet and limbs laterally. It may be worn only at night if the child is 
walking. This bar simply rotates the limbs outward at the hips, and has little effeet on 
correcting the torsion between the knee and the ankle. The bar does more good in the 
acquired deformity than in the congenital. 

If there is still no improvement, a double brace is applied (Fig. 6). The brace recom- 
mended has bars on each side of the limb, with the lateral bars attached to a pelvic band. 
There are freely moving joints at the hips, knees, and ankles. The lateral bars are so set 
on the pelvic band as to rotate the feet laterally. There is also a slight twist in the bars 
between the knees and ankles to turn the feet laterally even a little more. A pad is placed 

on the bar at the medial side of the knee, and a strap is placed around the medial malleolus 
and the lateral bar, thus fixing each end of the leg. There is another strap, around the 
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Fig. 8-C 


Fig. SA: A six-year-old boy 
who continued to walk pigeon- 
toed. The patellae could not 
be turned laterally much past 
Fic. A Fic. &B the mid-position. 

Fig. 8-B: The patellae could be rotated medially much further than normal, and further than shown 


Fig. 8-C: He sat by the hour in this position watching television. 


mid-portion of the leg, which is attached by buckles to the medial bar; this pulls on the 
lateral side of the leg and corrects the lateral convexity. 

The deformity is usually corrected in three to nine months, depending on its severity 
and the age of the child. When correction has been obtained, the braces are gradually 
discarded. The child should be observed frequently at this stage, and the braces should be 


re-applied if he begins to “toe in” 
ACQUIRED MEDIAL TORSION 


In acquired medial torsion, the limbs are straight at birth, but a deformity is pro- 
duced by the positions in which the child sleeps and sits! * * (Figs. 7-C and 7-D). 
Ktiology 

The babies with this type of torsion usually sleep on the stomach, in a knee-chest 
position with the toes turned inward. For the very young infant, this is the “ position of 
comfort’, since it was probably its foetal position. The baby will often drop off to sleep 
when placed in the knee-chest position. Some pediatricians have recommended this posi- 
tion as a means of expelling gas. The mothers like it because the baby cannot kick off the 
covers. However, more mature thought will show that this is a very bad position for the 
lower extremities. With the fifth toe resting on the mattress, the fore part of the foot is 
adducted on the posterior portion, causing the foot to be in the position of congenital 
metatarsus varus deformity. The foot is twisted medially at the ankle and the limb is 
twisted medially at the knee. The knee and hip are held in a fully flexed position for hours. 
The convexity of the buttock fits into the concavity of the foot. The weight of the body 
pressing down on the legs will alter the shape of the bones. This pressure will also cause a 
relaxation of the ligaments at the knees and ankles. This position may be used until the 
child is old enough to turn over by himself, and in some cases the child may sleep in this 
position until he is several years old. 

The child who finds the knee-chest position the position of comfort will also 
on his feet’’, that is, with the knees flexed and the feet turned inward behind him. The 
skin will often be thickened on the lateral side of the foot over the head of the talus and 
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over the anterior lateral corner of the calcaneus from the constant pressure of sitting on 
the foot. 
Signs and Symptoms 

The child is bow-legged and pigeon-toed. The findings are similar to those described 
for congenital medial torsion, but are usually less pronounced. The history of the sleeping 
and sitting habits will help in making the diagnosis. 


Roentgenograms 


The roentgenographic findings are similar to those in the congenital group. There is 
no definite finding by which we may separate the two groups. In some cases it seemed that 
the increased density of the metaphysis was a little more marked in the acquired group. 
According to Wolff's law, this change of the internal structure of the bone may be pro- 
duced by the external stresses and the strain placed on the epiphyseal lines by the bow-leg 


deformity. 


Diagnosis 

The deformity of acquired medial torsion is 
usually less marked than that of congenital medial 
torsion, and it is usually not noticed until the child 
begins to sit and crawl. The best differential sign is 
the test of the range of rotation of the limbs. 


Rotation Test 

In the congenital torsion the patellae can be 
turned medially and laterally about as far as in the 
normal child. In the acquired torsion the patellae 
can be turned medially 90 degrees or more, but they 
cannot be rolled laterally much past the mid-position 
(Figs. 8-A and 8-B). 

Another test is to observe the child as he sits and 
plays. He will usually sit on his legs with his toes 


Fic. 9-B Fic. 9-C Fic. 9-D 
Fig. 9-A: Lateral torsion of the lower extremities. The child is flat-footed and slightly knock-kneed 
The limbs roll out from the hips. The patellae point laterally 
Fig. 9-B: When he sleeps in the prone position, the great toe rests on the mattress and the metatarsus 
is pushed laterally into a flat-foot position. 
Fig. 9-C: Rotation tests show that the limbs cannot be rotated medially past the mid-line. 
Fig. 9-D: The patellae can be rotated laterally 90 degrees or more 
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turned in. If he is moved and 
made to sit “tailor fashion’’, 
in a few seconds he will change 
and sit on his feet again, be- 
cause this is his position of 


comtort. 


Prognosis 
The prognosis is much 
better in this type of deform- 
ity. These are the limbs which 
Fic. 10-B straighten with little or no 
Fig. 10-A: Lateral rotation 
and flat feet treatment. 
Fig. 10-B: This sitting posi- 
tion forces the feet into a flat- 


lhe first thing to do is to 
correct the faulty sleeping and 

sitting habits. If this idea is 


Treatment 


Fig. 1O-A 


as important as it seems at present to be, the orthopaedist should pass it on to the pedia- 
tricians in his community and to the mothers of his own patients, in order to prevent de- 
formity in future babies. A blanket can be rolled up and placed as a pillow behind the 
baby’s shoulder and hip to help him to lie on his side. The mother should place him on one 
side for one sleeping period, and on the other for the next. It is not safe to place the infant 
on his back when his stomach is full. When awake, he may be placed on his stomach, with 
his lower extremities extended, for exercise and play. 

When the bow-legged and pigeon-toed deformity has been acquired, it can often be 
easily corrected by the manipulations described for treatment of the congenital deform- 
ity. Frequently, the bar across the shoes is all that is needed; double braces will not be 
necessary. The bar will be enough to keep the child from sleeping with the feet turned in 
and will hold the limbs in lateral rotation. The child should sit on a small chair which is 
low enough to permit his feet to touch the floor, or he should be taught to sit tailor fashion 
on the floor 

The feet are often flat and have flat-foot imprints even though there is adduction of 
the fore part of the foot. The heels may be in valgus. Instead of using the swing-in shoes 
which are used for flat feet, it is better to use a normal shoe with a straight last and have 
a wedge, one-eighth of an inch thick, inserted in the medial border of the heel. 


LATERAL TORSION 


Lateral torsion is the reverse of the medial torsion. In addition to the lateral rotation 
of the lower extremities, there is some knock-knee deformity and usually a severe flat- 


foot deformity (Figs. 9-A to 9-D). 


Etiology 

The group of patients to be discussed here are also babies who acquire the deformity 
from faulty sleeping and sitting habits. These babies sleep on either the abdomen or the 
back with the lower extremities in a “frog” or “‘spread-eagle”’ position. A few may sleep 
in the knee-chest position with the toes turned out in a flat-foot position. 

The foetus has been floating in amniotic fluid with the limbs flexed. After birth, the 
baby is placed on a firm mattress with stiff new diapers which are too large and which are 
tightly pinned. These hold the thighs out at right angles to the body in a frog-like position. 
The knees are flexed at right angles, which rotates the thigh laterally 90 degrees. The same 
is true when the baby is placed on his back. These babies are seldom placed on their sides. 
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Fic. 11-A Fic. 11-B 


Unilateral torsion. 
Fig. 11-A: When only one limb is curved, the deformity is usually an acquired one. It may be severe, 
such as the one shown here. 

Fig. 11-B: The child crawls with the foot turned in. 

Fig. i1-C: He always sits on this foot, increasing the deformity. 
When they are old enough to sit, they usually sit with their legs crossed in front of them in 
tailor fashion. Others will sit with the knees flexed and the feet behind them and lateral to 
the hips and with the toes turned laterally (Fig. 10-B). 


Signs and Symptoms 

The chief complaint in this group is that the feet turn out, or that they are flat. The 
parents seldom notice that the knees are rotated laterally about the same amount as the 
feet, and that the limbs roll out from the hips. It is sometimes said, ‘‘One foot goes east 
and one foot goes west’’. 

The flat-foot deformity is produced by this position of lateral rotation. When the 
baby is prone in the frog position, the medial border of the great toe rests on the mattress, 
and the metatarsus is forced into abduction. This bends the foot in the middle. It also twists 
the ankle laterally and everts the heel. Later, when the baby is placed on his back, his 
limbs assume the same position. The heel rests on the mattress, and the weight of the fore 
part of the foot, again bends the foot out in abduction, making it a flat foot. The tibial 
muscles are stretched and work from “around the corner”’, at a mechanical disadvantage. 
The peronei are in a shortened position, pull more nearly in a straight line, and work at a 
mechanical advantage. The foot is pulled out and up in a caleaneovalgus position. The 
longitudinal arch is obliterated. The foot bulges inward along the medial border, and a 
severe flat foot is produced. There may be some knock-knee deformity, although this is 
not so important as the outward rotation of the entire limb from the hip. 


Rotation Test 

In attempting to rotate these limbs medially, we find that they can be turned inward 
until the patellae point straight forward, but they cannot be turned in much further. 
They can be rotated laterally at least 90 degrees or more. It is usually impossible to fold 
these limbs back under the child so that he can sit on them. If it can be done, the child will 
stay in that position only a few seconds and he will then straighten his limbs and sit tailor 
fashion again. 
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Diagnosis 


Little difficulty is experienced in distinguishing this condition from congenital flat 
feet, which are recognized at birth. The congenital flat feet are pulled up in a caleaneo- 
valgus position from birth, and with slight pressure the dorsum of the foot can be made to 
touch the lateral border of the leg. Lateral torsion of the limbs is seen in poliomyelitis, 
spastic paralysis, and in malunion following a fracture, but these offer no difficulty in 


diagnosis 


Treatment 

Treatment consists in breaking the faulty sleeping and sitting habits. When the infant 
is placed so that he lies first on one side and then on the other, the lower extremities are 
both rolled into a neutral position. The anterior surface of the thighs and the anterior 
surface of the abdomen are in the same plane. When the baby sits, he should sit in a small 
chair, which will flex the knees and put the femora in a normal mid-position. 

The parents are taught to grasp the knees and to rotate the limbs medially as far as 
possible and to hold them this way for a half minute at a time, trying to undo what gravity 
has done in rolling the legs laterally. This should be done for at least five minutes in the 
morning and five minutes at night. The parents are also shown how to hold the feet to 
turn the fore part of the foot downward and inward to correct the flat-foot deformity* ® °. 
When the patient is old enough to walk, he should wear swung-in shoes. If this does not 
correct the deformity in a few months, the child should wear a splint at night. This con- 
sists of swung-in shoes attached to a bar, with the shoes turned in on the bar, and the bar 
bent toward the body in order to tilt the heels into a varus position and to correct the 


flat-foot deformity even more. 


UNILATERAL TORSION 


Occasionally we see a child with only one limb turned in or out and the other straight 
(Fig. 11-A). This is usually an aequired deformity. It is produced by the child sitting 
and sliding with one foot under him and the other stretched out in front of him. This can 
usually be remedied by correcting the sitting habits and by manipulations. Occasionally 
a long brace is applied to the crooked limb to correct the deformity. 

These are the more common deformities encountered. There are many possible 
combinations which can be explained by a study of the sleeping and sitting habits of the 
child. More than 800 cases of torsion of the lower extremities have been studied at the 
author’s office and at the Scottish Rite Hospital for Crippled Children. 
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DEVELOPMENTAL DEFORMITIES OF THE LOWER EXTREMITIES * 


BY ROBERT A. KNIGHT, M.D., MEMPHIS, TENNESSER 


From The Campbell Foundation and The University of Tennessee College of Medicine, Memphis 


The importance of certain sitting and sleeping habits of the infant and child deserve 
emphasis; these habits may interrupt the normal developmental pattern of the lower 
extremities and even cause deformities. Their importance is not recognized by the pro- 
fession as a whole. Orthopaedic surgeons should impart preventive information about them 
to pediatricians, obstetricians, nurses, and parents. 

Twenty years ago, Dr. Nachlas read a paper before this Association on ‘‘ Medial 
Torsion of the Leg” in which he stressed the fact that many children who were presented 
for treatment because of bow-leg or pigeon-toe had a medial tibial torsion. This has been 
considered to be an atavistic reversion or a developmental arrest. 

Fitzhugh was one of the first to call attention to the relationship of sleeping, sitting, 
and play postures to developmental deformities. 

Lowman, Lewin, Hutter and Scott, Badgley and O’Connor, and others have written 
on this subject. Howorth’s work gives the most adequate discussion of the problem of any 
orthopaedic text; others fail to mention torsion or rotation and still list rickets as the 
fundamental cause of knock-knee and bow-leg. 

Chapple has shown that intra-uterine position may be an etiological factor in deform- 
ity of the newborn; it is a logical corollary that sleeping and sitting habits might well 
influence the maintenance of certain of these postures, as well as increase their severity. 

With the virtual elimination of rickets, bow-leg and knock-knee deformities in severe 
degree are rarely seen now, but they are frequently encountered in mild or moderate form. 
They are usually accompanied by a medial tibial torsion (in the case of bow-leg) or by a 
lateral rotational deformity in the knee (in the case of the knock-knee). The usual ex- 
planation of rachitic softening as the cause of these diverse deformities is inadequate. 
Why should rickets alone cause both knock-knee and bow-leg? What factor makes one 
child knock-kneed and another bow-legged? Not infrequently, correction of the torsional 
or rotational deformity will satisfactorily correct the deformity in the lateral plane as 
well. On the other hand, correction of the lateral deformity without correction of the ro- 
tational element will leave the child with an awkward gait, resulting from either pigeon- 
toe or “slew-foot”’, and with varus or valgus position of the feet. 

Most newborn infants have a medial tibial torsion varying from 5 to 30 degrees, a 
mild bow-leg deformity involving both the tibia and the femur, and knee-flexion and hip- 
flexion attitudes. Whether these conditions are truly atavistic or are due to the intra-uterine 
position is not settled; Chapple is of the opinion that intra-uterine positional factors are 
of great importance. In the course of normal development, these attitudes undergo spon- 
taneous correction as long as extraneous factors do not interfere. Most mild lateral de- 
formities will correct with time and growth, but the rotational deformities are not so apt 
to correct spontaneously. The normal “pendulum swing” from bow-leg to knock-knee 
and back again, with final spontaneous correction, was first deseribed by Bohm in 1933, 
and was later emphasized by Blount and White. This does not always take place, and 
there is no certain method of predicting which child's extremities will correct: spontane- 
ously and which child’s will not. Whitman, in a survey, found 400 cases of bow-leg and 
thirty-two cases of knock-knee among 2,000 adult males. He concluded that natural 


* Read at the Annual Meeting of The American Orthopaedic Association at Hot Springs, Virginia, 
June 30, 1953. 
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forces are often ineffective in completing the cure. Therefore, we should lend assistance to 
patients who are likely to appreciate the advantages of symmetry over deformity, even 


though the deformity is not attended by discomfort or disability. Until we can accurately 
differentiate physio- 
logical from pathological 
deformities, all of those 
children who present ex- 
cessive rotational de- 


formities or lateral de- 
formities which are 


cosmetically unaccept- 

able should be treated. 
Sleeping in the prone 

knee-chest position is en- 


couraged by the major- 


ity of physicians and 
parents. By the time the 
Qt” child is able to turn in 
the crib, this habit of 
sleeping in a prone posi- 
tion is firmly fixed and 
ordinarily persists for 


Fig. 1: Mother carrying four to six months; in 


child astride hip 

some instances, it may 
continue into the third 
or fourth year. During 
early life, the long hours 
of sleep that are the rule 
may favor twists and 


Fig. 2: Reverse tailor sit- 
ting position with the feet 
beneath the buttocks is pro 
ductive of medial tibial 


torsion 


Fig. 3: Tailor sitting po- 
sition 


hia. 4 hia. 5 
Prone “‘frog-leg’’ sleeping position with the feet everted predisposes toward external rotational 


big. 4: 
deformities of knees and valgus position of feet 


5: Prone sleeping position with the feet everted and limbs externally rotated. 


hig 
Fig. 6: Reverse tailor sitting position with the feet externally rotated 


bowings which would not otherwise persist or develop were the child to turn at frequent 


intervals and not maintain the same posture for long periods. 
Che infant should be placed on alternate sides for sleeping, and on the back or stom- 


ach during his waking hours. From the first, he should be watched to see that no position 
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is maintained for too long and that vicious postures are not allowed to develop. The ad- 
vantages cited for the prone position are said to be (1) that the baby ‘“‘burps’’ more 
easily, (2) that he does not kick the covers off as easily, (3) that flattening of the back 
of the head and wearing off the hair are avoided, and (4) that he can lift himself on his 
hands and arms, thereby strengthening his muscles and giving him better command of 
himself. However, these advantages do not outweigh the dangers of the prone position for 
the inactive hours of sleep. Sleeping on the back is objectionable because the spread- 
eagle or “‘frog-leg”’ position, further encouraged by the pressure of the diaper, is conducive 
to the development or the aggravation of rotational deformities. Such a sleeping posture 
is frequently found in the fat sluggish baby with external rotation attitudes of the hips, 
valgus position of the feet, and, on walking, marked out-toeing or slew-foot. If the infant 
is taught from the beginning to sleep lying on his side, no difficulties are encountered. 

The diaper may also be a deforming factor. All too often, an infant is seen wearing 
a double-thickness, tightly pinned diaper and a plastic diaper-cover—in effect, a poor 
Frejka splint! Such a diaper encourages hip-flexion and knee-flexion attitudes, as well 
as the prone sleeping position and bowing of the legs. Bulky diapers, worn twenty-four 
hours a day during the first months of a baby’s life, obviously must have a deforming 
effect. Hygienically they may be good, but orthopaedically they are less than satisfactory. 

Charts I and II show the results of a study of foot alignment in relation to sleeping 
position as reported by Thelander and Fitzhugh. The study included 246 children from 
six months to five years of age, the majority being between eighteen and thirty-six 
months of age. In these charts, Neutral indicates a variance of 10 degrees or less, either 
way, from a true mid-position of hip, knee, and foot. Deviation indicates 10 degrees to 
90 degrees of in-toeing or out-toeing. 

In the first two or three years of life, many children are carried astride the mother’s 
hip, the child clinging to her with his legs while he is held about the waist. Such a posture, 
maintained for long hours, encourages the development of bow-leg, and even of medial 
tibial torsion and varus deformity of the fore part of the foot (Fig. 1). 

Later in infancy, the waking habits will tend to follow the sleeping position, 
especially in the case of the knee-chest sleeper. The earliest sitting posture of this baby 
is often the tailor position in reverse. He will sit between his flexed extremities with the 
feet either inverted beneath his buttocks (Fig. 2) or everted. This broadens and stabilizes 
his sitting base in addition to being similar to his sleeping habit. Formerly, persistence of 
this habit was most frequent in girls while playing with dolls or jackstones; now television 
has become a major instigating factor in its persistence in both boys and girls. Frequently, 
callouses develop over the peroneal tuberosity of the caleaneus and over the head of the 
talus as a result of prolonged sitting on the inverted foot. Now we call them ‘television 
bumps’. The shoes may also show signs of extra wear on the lateral aspect of the uppers 
further evidence of this positional habit. The most satisfactory sitting posture for this 
child is the cross-legged tailor position (Fig. 3). 

In the search for the causes of these twists and lateral deformities, the play apparatus 
must not be overlooked. The “‘ walker” is a common offender, since it is propelled by the 
push-off of the everted feet while the knees are flexed and abducted. Canvas swings and 
jumpers produce the hip flexion-abduction position, encouraged by the bulky diaper. 

The following outline shows the deformities which are associated with certain habit- 
ual sleeping or sitting positions. The prone knee-chest sleeping posture, seen most fre- 
quently, is the most commonly offending sleeping position. 


SLEEPING HABITS 


I. Prone knee-chest position with: 
a. Extremities internally rotated, results in: 
(1) internal rotation deformity of the hips, 
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(2) medial tibial torsion, 
(4 bow-leg, 
4) ankle equinus, 


(5) adduction and varus of the fore part of the foot (may appear to be a mild 


metatarsus varus 


by. Extremities externally rotated, results in: 


1) external rotational deformity in the knees, 
knock-knee, 


(2 
3) ankle equinus, 
(4 


) valgus of the feet 


«. Extremities neutral, results in: 
(1) ankle equinus (toe-walking of early childhood). 
Il. Frog-leg position, most frequently prone (Fig. 4) but occasionally supine, results 


in 
(1) external rotation deformity of the hips, 
2) external rotation deformity in the knee joints, in conjunction with shorten- 
ing of the iliotibial band and of the biceps femoris, 

(3) knock-knee, 

(4) valgus and abduction of the feet 
II]. Prone, with hips extended and: 

a. Internally rotated, may result in: 

(1) internal rotation contracture of the hips, 

(2) medial tibial torsion (to a lesser degree than that which results from the 


knee-chest position), 
(3) ankle equinus, 
(4) varus of the metatarsus, with or without adduction. 
b. Externally rotated (Fig. 5), may result in: 
(1) external rotation contracture of the hips, 
(2) external rotation deformity in the knee joints, 


(3) ankle equinus, 
(4) valgus of the feet 


SITTING HABITS 


Reversed tailor position with: 
Feet internally rotated beneath the buttocks (sitting on the feet), results in 


(1) internal rotation contracture of the hips, 


(2) medial tibial torsion, 
(3) adduction of the fore part of the foot. 

b. Feet externally rotated * (Fig. 6), results in: 
(1) internal rotation contracture of the hips, 


2) external rotation deformity in the knees, 
(3) knoek-knee, with relaxation or stretching of medial collateral ligaments, 


(4) valgus deformity of the feet. 


c. One foot internally rotated and the other externally rotated. 


DISCUSSION 


When the child is first brought for examination, a complete physical survey is made, 


including routine roentgenograms of the hips and lower extremities. Tibia vara, dyschon- 
lroplasia, and nutritional disturbances are ruled out. A neurological examination is made, 
since these postural defects are also frequently associated with a mild cerebral palsy, 


particularly an ataxia or a mild spastic paraplegia of prematurity. 
* Many children with mild cerebral palsy, particularly those with ataxia, will sit in this position because 
of the broader base and the greater stability which it affords 
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From a practical standpoint, the most common causes of in-toeing or pigeon-toe are: 
1. /nternal rotation contracture of the hips: Children with this deformity are free of 
torsion and foot deformity, but they have a range of internal rotation of the hips of 75 
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to 90 or more degrees and very little, if any, external rotation. Although this is the so- 
called congenital anteversion of the neck of the femur, we have been unable to prove by 
roentgenographic studies that the change in range of rotation of the hips is the result of 
persistent, increased anteversion of the neck of the femur; rather, it is considered that 


the internal rotators or the anterior joint capsule are shortened 
2. Medial tinal torsion: There is often an accompanying bow-leg, but on closer ex- 


amination, the bowing is found to be more apparent than real and of less relative severity 


than the tibial torsion 
3. Metatarsus varus: Vhis is often truly congenital, but some of the milder cases are 


developmental, associated with tibial torsion 
1. Symptomatic flat-foot: In-toeing is a compensatory attempt to relieve a painful 


pes planovalgus by adduction of the metatarsus. 
The most common causes of out-toeing or slew-foot are: 
1. External rotation contracture of the hips, usually the result of a frog-leg sleeping 


position, 
2. External rotation deformity in the knee joints, 
3. Knock-knee with external rotation in the knee joints, 
4. Flat-foot, either with or without symptoms. 


TREATMENT 


The treatment will depend upon the type of deformity present, its severity, and the 
measures must be instituted before the 


age of the child. In most instances, conservative 
age of three years if a satisfactory degree of correction is to be obtained. In infants, the 


institution of correct sleeping habits, the avoidance of excessively bulky diapers, and 


rotational stretching exercises are ordinarily adequate. If the deformity is severe, and 
especially if medial tibial torsion is present, the use of Denis Browne splints should be 


instituted as early as practicable. Later, proper sitting habits should be developed. 
Torsional stretching exercises, while theoretically good, have not proved of particular 
They are psychologically helpful in some instances, although the busy mother 


usually does not have time to carry them out faithfully and regularly and will soon stop 


benefit 


them 
The Denis Browne night splints, as described by Thomson, are very effective in 


children under three years of age; it is unusual for a child to tolerate them satisfactorily 


after that age. This splint, in addition to being efficient in the correction of rotational 


deformities, is more effective than the usual night braces in the correction of mild and 
moderate lateral deformities. Splint correction must be gradual and persistent, and the 


splints should be worn at night as well as during the nap. If the splints are not tolerated, 
either the parents are at fault, the shoes do not fit, or too rapid correction is being at- 


tempted. If there is a bow-leg element, a long crossbar is used. The bar is bent at each 


end, adjacent to the foot plate, to invert the feet and thereby avoid a secondary flat-foot 


deformity. If knock-knee is present, a short crossbar is used; it is bent in the center to 


protect the feet 
If the deformity to be corrected is primarily a lateral one, without rotation or with a 


minimal rotational element, the ordinary night splints may be used, but should be connected 


with «a crossbar to prevent rotational positions during sleep. If the lateral deformity is 


severe, leg braces with rigid knee joints and a pelvic band are also employed during the wak- 


ing hours, so that the corrective force is constant. 
The shoes should support the feet in an anatomical position. If the position of the 


foot warrants, arch-supportive shoes may be used. When a corrective shoe is necessary, 
the parents are warned that the child may toe in more than when barefoot. Outer patches 


to correct pigeon-toe or in-toeing may be of some cosmetic value, but are detrimental 


to the feet. On the other hand, inner patches and wedges, when indicated for flat-foot 
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and toeing-out, or slew-foot, are beneficial to the feet, as well as cosmetically helpful. 
Spiral elastic twisters, extending from a belt about the waist to the shoes, are ineffective 
and encourage knee-flexion attitudes. 

Surgical correction is indicated for children six years of age and over if the deformity 
is cosmetically objectionable. It is better to perform these procedures prior to the child's 
first year in school or as soon thereafter as it can be arranged, rather than to pursue a 
“‘wait-and-see”’ policy. 

The measures ordinarily employed are: 

1. Femoral rotational osteotomy for hip-rotational deformity, if there is minimal or 
no associated tibial torsion or foot deformity; 

2. Femoral and tibial alignment osteotomies for severe bow-leg and knock-knee 
deformities; 

3. Combined rotational and alignment osteotomies if both rotational and lateral 
deformities are present. 

CONCLUSIONS 

1. Developmental deformities of the lower extremities in children are most frequently 
the result, either directly or indirectly, of sleeping, sitting, and play habits of infancy. 

2. Some of these deviations persist while others may disappear with normal develop- 
ment under favorable conditions of symmetrical activity. 

3. It is not always possible to determine which of these malalignments will disappear 
and which will not. Since we are not safe in assuming that all of them will disappear 
spontaneously, measures should be taken to correct objectionable twists and bowings 
already present, and to prevent the development of other deformities. 
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DISCUSSION 


Dr. M. Beckerr Howorru, New York, N. Y.: | have not found such a clear-cut distinction between 
the congenital and acquired torsions as Dr. Kite has, especially since each factor may influence the other 
While today we have had good descriptions of anatomical findings in these infants, we have had no real 
documentation and no control cases, and we are still completely at sea as to the specific etiology of these 
intra-uterine deformities. What has been said and written in the past as to etiology is almost pure specula- 
tion. When we say that a deformity is atavistic or shows arrested development, are we using mere words, 
or do we refer to the results of scientific investigation? How much of what we have seen represents variations 
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THE 45-DEGREE ANGLE ROENTGENOGRAPHIC STUDY OF THE 
PELVIS IN CONGENITAL DISLOCATION OF THE HIP * 


BY CAKL D. MARTZ, M.D., AND CLIFFORD C, TAYLOR, M.D., INDIANAPOLIS, INDIANA 


From St. Vincent's Hospital Indianapolis 


Accurate visualization of the relationship of the femoral head to the acetabulum is 
essential for the proper care of congenital dislocation of the hip. Routine roentgenographic 
studies demonstrate clearly the supero-inferior and mediolateral displacements of the 
femoral head, but the vital dimension of depth in which anterior and posterior displace- 
ments occur is not readily visualized. Lateral views are frequently unsatisfactory because 
of the superpositioning of other structures, Furthermore stereoscopic views are not practi- 
cal for active infants 

lor these reasons we have utilized an anteroposterior, 45-degree cephalad view. Clear 
films are possible no matter what position of the limbs is selected. Standard roentgeno- 
graphic equipment and techniques are used. The anatomical landmarks are those ordi- 
narily used, and the spine of the femoral neck may be used as a landmark in the early 
months of life before the ossification center of the head appears. Many of the classically 
described relationships are visualized in this angled view. 

The patient is placed flat on his back. The lower extremities should be fairly sym- 
metrically placed, but abduction, flexion, and rotation of the extremities are at the pleasure 
of the surgeon. The x-ray tube is centered in the mid-line of the body and is directed 
toward the symphysis pubis. A routine anteroposterior roentgenogram of the pelvis is 
made, and then a 45-degree cephalad roentgenogram is made with the x-ray tube still 
centered on the symphysis pubis. The anteroposterior roentgenogram reveals superior or 
lateral displacement of the femoral head in relation to the acetabulum. The 45-degree 
cephalad roentgenogram reveals anterior or posterior displacement. When the head is 
anterior to the acetabulum, its shadow on the angled view is closer to the top of the 
roentgenogram than the acetabulum; when the head is posterior to the acetabulum, its 
shadow on the angled view is closer to the bottom of the roentgenogram. This femoral 
head-to-acetabulum relationship on the 45-degree cephalad roentgenogram is shown in 
Figure 1. When the head is in the acetabulum (n), its shadow is in the cup; when the head 
is anterior to the acetabulum (a), its shadow is above the cup; and when the head is 
posterior to the acetabulum (p), its shadow is below the cup. 

The illustrations were selected from anatomical and clinical material. A dry skeleton 
was placed upon the roentgenographic table in the supine position. The head of the right 
femur was placed in the acetabulum, and a routine anteroposterior roentgenogram (Fig. 2, 
2A) was made. A well articulated hip joint was visualized. Without chang» in the position 
of the skeleton, the x-ray tube was moved toward the foot of the table and was angled 
cephalad 45 degrees, with the central ray directed toward the symphysis pubis. The film 
thus exposed (Fig. 2, 2B) again demonstrated a well articulated joint. The head of the 
femur was then dislocated directly anterior to the acetabulum, and both a routine antero- 
posterior roentgenogram (Fig. 2, /A) and a 45-degree cephalad roentgenogram (Fig. 2, 1B) 
were made. In the routine view, the shadows of the head and acetabulum are on the same 
level, but in the 45-degree cephalad roentgenogram, the shadow of the head is separated 
from the shadow of the acetabulum and is near the top of the film. The femoral head was 
then dislocated directly posterior to the acetabulum, and a routine anteroposterior roent- 
genogram (Fig. 2, 3A) and a 45-degree cephalad roentgenogram (Fig. 2, 3B) were made. 
In the routine anteroposterior view, the shadows of the head and acetabulum are on the 

* Based on an exhibit at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chi- 
cago, Ilinois, January 1953. 
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same level and appear not too different from those in the roentgenogram of the anterior 
dislocation (Fig. 2, 1A). However, on the 45-degree cephalad view (Fig. 2, 3B), the shadow 
of the head is separated from the shadow of the acetabulum and is toward the bottom of 
the roentgenogram. 

Similar roentgenograms were obtained in living patients. In a normal child (Fig. 3, 
2A and 2B), the head and the acetabulum maintain their normal relationship. In an 
anterior displacement of a dysplastic left hip (Fig. 3, 7A and /B), the shadow of the head 
is separated from the shadow of the acetabulum and is at the top of the film on the 45- 
degree cephalad view. In a traumatic posterior dislocation of the right hip (Fig. 3, 3A and 
3B), the shadows of the head and acetabulum are on the same level in the routine antero- 
posterior view, but on the 45-degree cephalad view, the shadow of the head is separated 
from the shadow of the acetabulum and is toward the bottom of the roentgenogram. 

Clinically, hip dislocations are often complex, involving displacements in” supero- 
inferior, mediolateral, and anteroposterior planes. These can be visualized in the routine 
anteroposterior and the 45-degree cephalad roentgenograms. Anteversion and retroversion 
of the femoral head and neck are suggested by a study of the various roentgenograms, but 
accurate measurement of these must await the refinement of the techniques recently pro- 
posed by others ?* *. The method herein described is designed only to demonstrate the 
relationship of the head and acetabulum. Anterior and posterior displacements have been 
demonstrated, and our care of these problems has been given with more assurance than 
was possible heretofore. We have been able to recognize early those congenital dislocations 
of the hip which have anterior displacement of the head and have been able to correct this 


by proper positioning. Furthermore, by the use of this view we could verify the success of 
our plan of treatment. It is of interest to note that in fifty cases studied over a five-year 
period, when sagittal displacement occurred in the dysplastic hip, it was almost always 
anterior. The one traumatic dislocation, which occurred in a young child, proved to be 
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posterior. Posterior displacement of dysplastic hips in children not yet able to walk was 
encountered occasionally when hip flexion in the cast was greater than 90 degrees. In these 
children, the dislocated femoral head had apparently been thrust downward against the 
imperfect portion of the hemispherical acetabulum in the region of the transverse liga- 
ment. Dislocation downward and posteriorly resulted. The “ flat-frog’’ position produced 
anterior displacement on several occasions. The femoral head was apparently pried for- 
ward with resulting anterior dislocation. Such visualization of errors has prompted us to 
employ positioning of less than 90 degrees of flexion and abduction and to use the position 
of internal rotation more frequently, as has been long and vigorously recommended by 
Carl Badgley. In spite of these improvements in technique in both closed and open pro- 
cedures, we still encounter many failures due to the incongruity of the head and acetabu- 
lum. The surgical formation of a shelf is of little value unless and until the dynamic thrust 
of the femoral head is directed along the central axis of the hemispherical acetabulum 
which faces forward, outward, and downward. If this proper relationship can be restored 
early enough, satisfactory end results will occur without surgery, as the result of the 
stimulation of normal forces. If such positioning is delayed, however, irreparable mal- 
development and disproportion of the femoral head and acetabulum ensue. The coxae 
more to be feared than the occasionally 


magnae which occur in dysplasia are perk 
encountered diminutive heads of true congenital dislocations, for the incongruity of the 
dysplastic head and acetabulum leads almost invariably to disabling arthritic changes, 
whereas a primarily dislocated head may do well if replaced in an acceptable acetabulum. 
Neither incongruity of the head and acetabulum nor the coincident distortion of the head 
and neck have been corrected by shelf surgery in our hands. It would appear that many of 
our present surgical techniques are based upon plane diagrams which ignore the third 


dimension of depth 

The present study offers a simple technique for visualizing this third dimension and 
has proved of value. Still better techniques are anticipated. More objective data are 
needed throughout our diagnostic, progress, and end-result studies if our understanding 


and treatment of this difficult problem is to be improved. 
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ROENTGENOGRAPHIC STUDY OF THE INCLINATION OF THE LATERAL 
PELVIC WALL AND THE INTERACETABULAR DISTANCE IN NORMAL 
ADULT PELVES 


AUSTIN MILCH, M.D., NEW YORK, N. 


BY 


ROBERT 


Structurally considered, the human pelvis may be divided into four general types: 
android (male), gynecoid (female), anthropoid (ape) and platypelloid (flat) ' ® Most 
of the anatomical features which permit differentiation of these four types are those of 


the interior of the true pelvis, of the anteroposterior and transverse diameters of the 
pelvic inlet, the mid-pelvis, and the pelvic outlet. As such, the clinical value of pelvic 
typing is virtually exclusively of obstetrical concern. The exterior of the pelvis, which 


has no obstetrical importance, has been accorded only minimal clinical attention. Prac- 


tically no information is available concerning either the lateral pelvic wall or the in- 


teracetabular distance. 

The proper mensuration of these latter anatomical entities, however, is of compelling 
importance to the orthopaedic surgeon, particularly in consideration of the kinesiological 
problems attendant upon osteotomy at the upper end of the femur. Indeed, it has been 
clearly shown ** 4 that the angle of inclination of the lateral pelvie wall directly 
determines a critical value for the angle of the mechanical neck of the osteotomized 


femur (the postosteotomy angle), beyond which increasing stability results in concomitantly 
decreasing mobility at the hip. It has been observed, furthermore, that the apparent 


lengthening resulting from unilaterally performed upper femoral osteotomy (when the 
contralateral hip is freely movable) is directly related to the length of the interacetabular 
line and to the angle formed between the interacetabular line and a line drawn perpendic- 


ular to the mechanical axes of both erect and parallel femora °. 

The present study was undertaken, therefore, in an attempt to discover (1) whether 
or not there is any relationship between these entities of the exterior of the pelvis and 
those of the interior, in relation to the four fundamental pelvic types, and (2) whether 
or not there is any significant difference between these external measurements for pelves 


of adult men and adult women. 


MATERIAL 


One hundred anteroposterior roentgenograms of female pelves were selected at 
random from the pelvimetry files of the Sloan Hospital for Women, Columbia- 
Presbyterian Medical Center, and 100 anteroposterior roentgenograms of male pelves 
were selected at random from the private files of Dr. Henry Milch. All of the roentgeno- 
grams of the female subjects were made with target distances of about forty inches. 
The target distance varied between thirty-six and forty-two inches in all roentgenograms 


of male subjects. 
The female subjects were all pregnant and were at or near term. They varied in age 


from seventeen to forty-three vears. The male subjects varied in age from thirty-one 
to seventy-eight vears. All patients had clinically and roentgenographically normal 
hips. Roentgenograms of patients with known skeletal disease anywhere in the body 


were specifically discarded. If there were any gross evidences of rotation of the patient 


before the film cassette, as manifested by the disproportionate size of the iliac alae or 


of the obturator foramina, the roentgenograms were likewise discarded. 


METHODS 


The angle of inclination of the lateral pelvic wall was determined (1) by drawing a 


line between the superior acetabular margins of each hemipelvis (interacetabular line), 
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Anteroposterior roentgenogram of the pelvis of a normal female subject, twenty-one years old. The 
line AC represents the interacetabular distance, and a is the angle of inclination of the lateral pelvic 
wall on either side. The line AB is the true horizontal (that is, the line drawn perpendicular to the lines 
PP and PP’ which are parallel to the mechanical axes of both erect and parallel femora). D, which is 
trigonometrically equal to the product of the interacetabular distance and the sine of the angle between 
the interacetabular line and the true horizontal, angle @, represents the amount of downward inclination 
of the entire pelvis and quite accurately accounts for the amount of apparent change in limb length fol- 
lowing an upper femoral osteotomy performed for unilateral hip-joint disease 


(2) by drawing a line between the superior acetabular margin of one side and the most 
lateral portion of the body of the ipsilateral ischium (ischio-acetabular line), and (3) by 
constructing a perpendicular to the interacetabular line so that it extended downward 
heyond the ischio-acetabular line (Fig. 1). The larger angle between the ischio-acetabular 
line (representing the pelvie wall against which the osteotomized femur must rest) and 
the perpendicular to the interacetabular line (representing both the erect position and 
the mechanical axis of the extremity) defined the angle of inclination of the lateral pelvic 
wall. It was measured in a clockwise direction on the left side and in a counter-clockwise 
direction on the right. In most instances, the angles so constructed were equal on both 
sides. For differences of 5 degrees or less, the mean of the two values was accepted. 

The interacetabular line was directly measured from the most lateral clearly defined 
roentgen shadow of either superior acetabular margin 

All of the female pelves had previously been evaluated by others in so far as the 


pelvic types were concerned, Refinements of classification, especially of mixed types, 


were omitted in this study and only the predominant type of the pelvis was considered. 
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TABLE I 


INTERACETABULAR DISTANCE AND ANGLE OF INCLINATION OF 
IN NORMAL FEMALE SUBJECTS 


roe LATERAL Pecvice Watt 


Type Interacetabular Distanes Angle of Inclination of the Pelvie Wall 
(Centimeter (Degrees 
No.of Mean Standard Maximum Minimum Mean Standard Maximum Minimum 


Pelves Deviation Deviation 
Android 37 24.1 ox¥ 26.0 18.3 207 .4 3.9 216 199 
Ciynecoid 32 24.2 L.¢ 27.5 20 7 206 4 5.4 216 107 
Anthropoid 23 23.1 25 .3 21.3 204 4 213 10S 
Plat vpelloid 24.4 1 26.0 207 0 2.9 213 202 
100 24.0 16 27 18.3 206.4 216 107 


RESULTS 


Of the 100 female pelves, thirty-seven were predominantly android, thirty-two were 
gynecoid, twenty-three were anthropoid, and eight were platypelloid. The mean interace- 
tabular distance in this group was 24.0 centimeters, with a standard deviation of 1.6 
centimeters. The mean angle of inclination of the lateral pelvic wall was 206.4 degrees, 
with a standard deviation of 4.7 degrees (Table 1). Pelves of the android type showed a 
1.7 
centimeters, and a mean angle of inclination of the lateral pelvic wall of 207.4 degrees, 
with a standard deviation of 3.9 degrees; pelves of the gynecoid type showed a mean 
interacetabular distance of 24.2 centimeters, with a standard deviation of 1.7 centimeters, 
and a mean angle of inclination of the lateral pelvic wall of 206.4 degrees, with a standard 
deviation of 5.4 degrees; pelves of the anthropoid type showed a mean interacetabular 
distance of 23.1 centimeters, with a standard deviation of 0.9 centimeters, and a mean 
angle of inclination of the lateral pelvic wall of 204.4 degrees, with a standard deviation 
of 4.7 degrees; and pelves of the platypelloid type showed a mean interacetabular distance 
of 24.4 centimeters, with a standard deviation of 1.0 centimeter, and a mean angle of 
inclination of the lateral pelvic wall of 207.0 degrees, with a standard deviation of 2.9 


mean interacetabular distance of 24.1 centimeters, with a standard deviation of 


degrees. 
The maximum length of the interacetabular distance in all of the roentgenograms 


TABLE II 


COMPARISON OF THE OBSERVED AND “STATISTICALLY MAXIMAL” * VALUES OF THE INTERACETABULAR 
Petvic WALL IN NORMAL FEMALES 


DIsTANCE AND THE ANGLE OF INCLINATION OF THE LATERAL 


Angle of Inclination of Lateral 
Pelvic Wall 
(Degrees 
Calculated Cases Included 
Per cent.) 


Ideal Percentage ** 


Interacetabular Distance 


(Centimeters 


Calculated Cases Included 
(Per cent.) 


m (mean) 


m+1SD*** 25.6 86. 68.3 211.1 73. 
m+ 1.4S8D 26.2 4 213.0 91. 
m-+2SD 27.2 YS 4 215 8 OS. 
m+35S8D 28 8 100. 99 7 220 5 100. 


* “Statistically maximal’’ values are considered to be those greater than the mean value by n standard 


deviations, for example, m + 1 SD or m + nSD 

** Ideal percentage indicates that in a normal or moderately skewed distribution curve, 68.3 per cent 
of the population of data will fall within | standard deviation of the mean, 95.4 per cent. will fall within 2 
will fall within 3 standard deviations of the mean. 


standard deviations of the mean, and 99.7 per cent 


*** Standard deviation. 


3, JUNE 1954 


36-A, NO 


VOL 


car 
| 
‘ee 
| 
mie 
ye 


R. A. MILCH 


TABLE III 
COMPARISON OF THE OBSERVED AND “STATISTICALLY MAXIMAL” VALUES OF THE INTERACETABULAR 
DisTANCE AND THE ANGLE OF INCLINATION OF THE LATERAL PeLvic WALL IN NORMAL MALEs 


Interacetabular Distance Ideal Angle of Inclination of Lateral 
(Centimeter Percentage Pelvic Wall 
(Degrees 
Calculated Cases Included ‘aleulated Cases Included 


(Per cent (Per cent. 


(mean 
ISD 
148D 

28D 


was 27.5 centimeters, and the minimum length was 18.3 centimeters. The maximum angle 
of inclination of the lateral pelvic wall was 216 degrees and the minimum angle was 197 
degrees (Table 1). Eighty-six per cent. of the interacetabular distances fell within 1 
standard deviation (m * 1 SD) of the mean, 94 per cent. fell within 1.4 standard devia- 
tions of the mean, 98 per cent. within 2 standard deviations of the mean, and 100 per cent. 
fell within 3 standard deviations greater than the mean. Seventy-three per cent. of 
the subjects had angles of inclination of the lateral pelvic wall falling within | standard 
deviation of the mean, 91 per cent. within 1.4 standard deviations of the mean, 98 per 
cent. within 2 standard deviations of the mean, and 100 per cent. within 3 standard 
deviations greater than the mean (Table II). 

The differences between the means of both the interacetabular distances and the 
angles of inclination of the lateral pelvie wall of the various types were not statistically 
significant. Thus, it is apparent that in pelves of normal adult female subjects, there is 
no significant difference in either the mean interacetabular distance or in the mean 
angle of inclination of the lateral pelvie wall among any of the four fundamental pelvic 
types. It appears that variation within the pelvis is not related to differences in at least 
two of the external features of the pelvis. Furthermore, it will be seen that the data here 
obtained somewhat more closely approximate the mean than do the data for the theoreti- 
cal, or ideal, distribution curve 

In the 100 male pelves, no attempt was made to ascertain the clinical type of the 


pelvis. The mean interacetabuiar distance was 25.9 centimeters, with a standard deviation 


of 1.7 centimeters. The maximum distance encountered was 31.4 centimeters, and the 
minimum distance was 22.1 centimeters (Table IV). Eighty-seven per cent. of the pelvic 
measurements fell within 1 standard deviation of the mean, 93 per cent. within 1.4 
standard deviations of the mean, and 98 per cent. within 2 standard deviations of the 
mean (Table III). The mean value of the angle of inclination of the lateral pelvic wall 
was 211.4 degrees, with a standard deviation of 5.8 degrees (Table IV). Eighty per cent. 


TABLE I\ 
COMPARISON OF THE INTERACETABULAR DISTANCE AND THE ANGLE OF INCLINATION OF THE LATERAL 
Petvic Watt in 100 Normat Mare 100 NormMat FemMaLe SuBsecTs 


No. of Interacetabular Distance Angle of Inclination of Laters] 
Pelvic W all 
Subjects (Centimeters ( Degrees 
Mean Standard Maximum Minimum Mean Standard Maximum Minimum 
Deviation Deviation 


Mak 25.9 1.7 : 22.1 211.4 5.8 227 202 
Femal 24.0 1.6 27.! 18.3 206.4 1.7 216 197 
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m 25.9 11.4 
m 27.6 S7 68.5 17.2 SO. 
m 20.3 OS 95.4 23.0 
n+ 31.0 99.7 


ROENTGENOGRAPHIC STUDY OF NORMAL ADULT PELVES 


TABLE V 


Mean, Maximum (mM + 3 SD), Minimew (mM— 3 SD) Amounts oF APPARENT CHANGE IN LIMB 
LENGTH RESULTING FROM UppER FEMORAL OsTEOTOMY PERFORMED FOR UNILATERAL * 


Amount of Apparent Change in Limb Length 
(Centimeters 
9 Males Females 

( Degrees Mean Maximum Minimum Mean Maximum Minimum 

(25.9 ¢ (20.8 (28.8 (19.2 

O4 0.6 

8 2.8 1.7 

5 3.3 
7.5 50 
‘ 


3. 
5. 


9.8 6.6 
12.1 8.1 
144 9.6 


* 0 refers to the angle of downward inclination of the entire pelvis. The amount of apparent change 
in limb length (D)) equals a ¢ sin 0 where a is the length of the interacetabular line. The numbers in paren- 
theses refer to the values of the mean, maximum (m +3 SD), and minimum (m —3 SD) values for the 


apparent change in limb length (2). 


of the pelves fell within 1 standard deviation of the mean, 94 per cent. within 1.4 standard 
deviations of the mean, and 99 per cent. within 2 standard deviations of the mean (Table 
III). 

Calculation of the standard deviation of the differences between the means of the 
interacetabular distances and the angles of inclination of the lateral pelvie wall in both 
male and female subjects reveals that there is, statistically, a highly significant (P< 0.001) 
difference between the sexes in so far as both of these pelvic measurements are concerned 
(Table IV). 

DISCUSSION 


Some most interesting consequences follow from these observations. First, the data 
provide a basis for determining the amount of disparity in limb length which may be 
expected following upper femoral osteotomy in patients with unilateral hip-joint disease. 
Since it has been shown ® that the amount of limb disparity (1) is equal to the product 
of the length of the interacetabular distance (a) and the sine of the angle (0) between 
the interacetabular line and the line drawn perpendicular to the mechanical axes of 
both erect and parallel femora (that is, the true horizontal), and since, in any normal 
or moderately skewed distribution curve, 99.7 per cent. of the population of data will 
fall within plus or minus 3 standard deviations of the mean (m * 3 SD), it is evident that 
for any angle @ it is possible to determine accurately the maximum and minimum amounts 
of disparity in limb length which are likely to occur in virtually all cases. 

Although any value of @ is theoretically possible, the maximum angle consonant 
with vertical stance is about 20 degrees. Twenty-five degrees of downward inclination 
of the pelvis is practically never attained without some abduction of the limb. Data are 
presented, nevertheless, for angles of downward inclination of the entire pelvis from 
| to 30 degrees (Table V). Examination of these reveals that the limit of disparity in 
limb length is, in the presence of vertical stance, about 10 centimeters for all patients. 
The minimum amount of change and the maximum amount of change which may be 
expected in 99.7 per cent. of all patients differ only 3 to 4 centimeters at the most. The 
mean amount of change differs from both the maximum and minimum amounts by only 
about | to 2 centimeters. 

Second, it is apparent that there is no correlation, at least in those (female) pelves 
clinically evaluated as to the predominant pelvic type, between the interior of the true 
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pelvis (the anatomical features of which determine the clinical type of the pelvis) and 
the exterior characteristics of the lateral pelvic wall and the interacetabular distance. 
Furthermore, there is a definite and statistically highly significant difference between 
these latter two anatomical entities in pelves of female and male subjects, the males 
tending to more flattened pelvic walls and longer interacetabular distances 

Third, a most interesting suggestion offers itself in the consideration of the width 
of the hips. There is no question but that some patients clinically have narrower and 
others wider hips. As a matter of fact, however, it would appear that the width of the 
hips is not due to anatomical features directly related to the true pelvis but rather to 
such other factors as variations in the length of the anatomical neck of the femur, the 
flare of the iliae, the extent of the soft tissues overlying these areas, or any combination of 
these 


SUMMARY AND CONCLUSIONS 


One hundred anteroposterior roentgenograms of normal female pelves and 100 


anteroposterior roentgenograms of normal male pelves were studied from the point of 


view of the interacetabular distance and the angle of inclination of the lateral pelvic wall. 

Male pelves were characterized by a mean interacetabular distance of 25.9 centi- 
meters, with a standard deviation of 1.7 centimeters. Female pelves were characterized 
by a mean interacetabular distance of 24.0 centimeters, with a standard deviation of 
1.6 centimeters. No significant difference was found among the four fundamental 
pelvic types (android, gynecoid, anthropoid, and platypelloid) in the female subjects. 

The mean angle of inclination of the lateral pelvic wall in male subjects was 211.4 
degrees, with a standard deviation of 5.8 degrees. The angle of inclination of the lateral 
pelvic wall in female subjects was 206.4 degrees, with a standard deviation of 4.7 degrees. 
There was no significant difference among the angles of the pelvie wall in any of the 
four primary pelvic types 

The difference in mean interacetabular distance and the mean angle of inclination 
of the lateral pelvic wall between male and female subjects was statistically highly 
significant (P< 0.001) 

It is suggested that there is no correlation between the distinguishing anatomical 
features of the interior of the true pelvis and those of the exterior of the pelvis here 
discussed 

It is further suggested that the difference in clinical hip width among male and 
female subjects, respectively, is not due to the anatomical features of the true pelvis. 

Data are presented for the statistically probable maximum and minimum amounts 
of apparent change in limb length which can be expected in virtually all patients following 
upper femoral osteotomy performed for unilateral disease of the hip joint. 

Nore: The writer would like to express his most sincere thanks to his father, Dr. Henry Milch, of the 
Hospital for Joint Diseases, for first inspiring his interest in hip-joint disease and for his constant aid and 
stimulation during the undertaking of this project; to Dr. Charles M. Steer, of the Sloan Hospital for Women 


of the Columbia-Presbyterian Medical Center, for permission to view films of the pelvimetry files under his 
direction and for his constant encouragement and many suggestions during this study 
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EPIPHYSEODESIS FOR EARLY SLIPPING OF THE 
UPPER FEMORAL EPIPHYSIS* 


’ CLARENCE H. HEYMAN, M.D., AND CHARLES H. HERNDON, M.D., CLEVELAND, OHIO 
From Elyria Memorial Hospital, Elyria, and University Hospitals, Cleveland 


Characteristic physical findings and roentgenographic changes enable one to recognize 
slipping of the upper femoral epiphysis early, before there is appreciable displacement 
or before this has progressed to more than slight degree. While further displacement may 
not be inevitable, a sudden acute slipping with complete displacement is always feared, 
or a progressing deformity is likely to take place, which may result in severe impairment 
of function of the hip. 

Orthopaedic surgeons are agreed upon the necessity of treatment during the early 
stage of slipping of the upper femoral epiphysis, but are not in agreement on the methods 
to be employed. Although spontaneous fusion of the epiphysis eventually occurs, this may 
require more than two years. The average length of time for fusion under conservative 
treatment has been found by Cleveland and his co-authors to be 19.8 months after the 
onset of symptoms. During this long critical period, some effective means for protection 
of the hip against strain or for fixation of the epiphysis is required. Stimulation of prompt 
fusion is therefore desirable, for this precludes the risk of further deformity and lessens the 
period of disability. Although it is not directed primarily to increasing the blood supply to 
the femoral head in the preslipping stage, epiphyseodesis might be advantageous if de- 
ficiency of circulation to the head is an important factor in the cause and progression of 
slipping of the epiphysis. Perhaps new channels for improvement of circulation to the 
head from the neck of the femur may be provided by obliterating the barrier of the 
epiphyseal plate. If it could be demonstrated that this does occur, surgical fusion of the 
epiphysis might well be a major objective in the treatment of acute slipping with severe 
displacement which so frequently results in aseptic necrosis. 

While recognizing the desirability of early fusion, the proponents of nailing the 
epiphysis in situ by means of a Smith-Petersen nail advocate this technique for stabilizing 
the epiphysis as a protection against further displacement, but not necessarily to promote 
fusion. Although Wilson reported that fusion takes place four to six months after nailing, 
others who follow this practice do not believe that nailing can be relied upon to stimulate 
fusion. Klein and his associates stated that fusion occurs within six to eighteen months 
after nailing, and Joplin found that the nail does not always arrest growth of the epiphysis. 
Wagner inserted the nail for protection of the hip, but reported that it did not hasten 
fusion. Cleveland and his associates had good results by nailing in situ, but they did not 
say whether or not fusion was stimulated. Key did not believe that inserting a nail or 
drilling across the epiphyseal plate can be depended upon to fuse the epiphysis. Rit ver 
reported that metal nails failed to lead to a premature fusion of the epiphysis in experi- 
mental animals, but that a graft of bone from the trochanter into the head did promote 
fusion. Badgley inserted a Smith-Petersen nail for protection only, not for fusion, but re- 
ported 25 per cent. poor results in nailing minimal slipping in sixteen patients. In reporting 
upon the experience of the Staff at the Campbell Clinic, Boyd, Ingram, and Bourkard 
stated that they preferred the use of three Knowles pins, because of the surgical trauma 
incidental to driving a nail through the comparatively dense neck in the age group in 
which this condition occurs and because fixation is more secure with the three pins than 
with a nail. They did not state how soon fusion occurred after this type of fixation, but 


* Read at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia, June 
30, 1953. 
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shows the direetion of the drill 


The opening may be enlarged by means of a curette 


s. | to 5: Illustrate the procedure of epiphyseodesis at the upper fernoral epiphysis 
\ piece of cortical bone, A, is removed from the neck of the femur. This is to be replaced later. 
2: A hole, one centimeter in diameter, is drilled across the center of the epiphyseal plate. The inset 


did say that their results were 
unsatisfactory in 12 per cent. 
of their cases. Howorth was 
opposed to nailing because the 
nail does not stimulate bone 
formation, and because he had 
observed degenerative changes 
in a fair percentage of the hips 
nailed. 

It appears, therefore, that 
a nail placed across the epiphy- 
seal plate does not greatly 
hasten fusion of the epiphysis 
in the so-called preslipping 
stage, and that the chief func- 
tion of the nail is that of fixa- 
tion to prevent further dis- 
placement. Poor results are not 
always caused by improper 
nailing. Even if there has been 
no apparent flaw in technique, 
the nail may become loose or 


fail to hold, and even with adequate fixation, degenerative changes causing pain and stiff- 


ness may sometimes occur 


While metallic fixation of the epiphysis is commonly practised, many contemporary 
writers prefer other, more conservative methods of treatment. Among these are Green, 


rit 
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Ghormley and Fairchild, Ober, Mileh, Rabinowitz, and Kleinberg. MeCarroll was not 
convinced that nailing is necessary in all cases of minimal slipping, because many heal 
with bed rest and traction. 

Although it may not happen frequently, we have had the experience, as have others, 
of sudden acute slipping occurring in patients under conservative treatment, although 
they were presumably following orders. It has been a very common experience, moreover, 
to note a gradually increasing displacement, progressing steadily or intermittently, while 
the patient has been under treatment with crutches or a brace. This has also been said to 
occur during or after treatment with a plaster spica. A more effective means is preferable 
for prevention of displacement and for hastening the process of healing. 

Because of the observation that insertion of a Smith-Petersen nail or drilling across 
the epiphyseal plate did not considerably shorten the period required for fusion and be- 
cause of several poor results accompanying this treatment, one of the writers in 1943 be- 
gan treating patients with slipping in the early stages by a direct operative approach to 
bring about prompt fusion of the epiphysis. This offered advantages even though it re- 
quired a wider surgical exposure. The results of ten operations were reported in 1949°, 
The results in all were excellent, with normal motion and with roentgenographic evidence 
of fusion within three months after operation. Until that time we did not know that 
Howorth had been treating such cases of early slipping by a similar method of operative 
fusion, and that in a much larger number of cases he had also noted fusion within three 
months. In discussion Key ' expressed the opinion that a graft of bone placed across the 
center of the epiphyseal plate could not be relied upon to cause fusion of the epiphysis at 
the hip any more than nailing or drilling. Sullivan recently stated that he had employed the 
technique described by Howorth 
three or four times, and in each 
case union of the epiphysis took 
place very promptly, with complete 
cure of symptoms. 


hie. 4 hia. 5 

Fig. 4: Small pieces of cancellous bone from the crest of the ilium are impacted into the hole and are 
driven across the epiphyseal plate, or a solid peg of cancellous bone, B, may be driven in 
Fig. 5: The piece of cortical bone, A, is replaced and the periosteum is sutured. 
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Further experience with the operation of inserting a centrally directed graft of can- 
cellous bone across the epiphyseal plate from the neck of the femur into the epiphysis 
continues to show excellent results in all patients and prompted a report with a description 
of the operative technique employed. All patients were examined for end-result evaluation 
independently and objectively by Dr. Charles H. Herndon, who assembled the data per- 
taining to these results. Nineteen operations for epiphyseal fusion were done upon fifteen 
our patients had bilateral involvement. The average period of postoperative 
observation was 2.7 years. The longest period was seven years and the shortest six months. 
The average age at the time of operation was thirteen years; the youngest was eleven years 


patients 


old, and the oldest was sixteen years old. Thirteen patients were males and two were fe- 
males. All patients limped and had limitation of motion with varying degrees of pain. In 
seventeen cases there was only minimal slipping or widened and irregular epiphyseal lines, 
with an average of nine weeks’ duration of symptoms before operation. Two patients had 
more severe slipping, and both had had symptoms for one year. 

The average interval between operation and partial weight-bearing in all cases was 
ten weeks; full weight-bearing was allowed at an average of eighteen weeks. This includes, 
however, the patients seen early in the series who were treated more cautiously by rest in 
bed for two to three months after operation, followed by a Thomas walking splint. The 
interval before ambulation and weight-bearing are allowed has now been considerably re- 
duced 

The average time before fusion of the epiphysis as seen by roentgenogram was 
2.3 months. The shortest time was four weeks; the longest was 4.5 months. Fusion in this 
latter case probably occurred sooner, but it was not demonstrated earlier because of a 
long interval between roentgenograms. In six cases fusion on the normal side took place 
an average of 2.8 years later than on the side operated upon. In the other cases the condi- 
tion was either bilateral, so that comparison with a contralateral normal hip was not 
possible, or the epiphysis on the normal side was still open when the patient was last seen. 

The age of the patient at the time of operation bore no relationship to the time re- 
quired for fusion to take place. The average time for fusion in the three youngest patients 
Was seven weeks, and the average time for fusion in the three oldest patients was eight 
weeks. There was no relationship between the duration of symptoms before operation and 
the time required for fusion afterwards. The average time for fusion in the three patients 
with the shortest duration of symptoms was 10.3 weeks as compared with 9.7 weeks in the 
three patients with the longest duration of symptoms. In other words, the hastening of 
fusion of the epiphysis was brought about by the operation, and its occurrence a short 
time afterward was not due to the fact that the patient was older and approaching the 
normal age for fusion or to the fact that spontaneous fusion, possibly stimulated by the 
slipping itself, was already well in progress at the time of operation. 

The clinical and roentgenographic results are excellent in all cases. No patient has 
pain, limp, or any limitation of activities. Motion is normal in all but two patients. In 
both of these there is only slight limitation of internal rotation as compared with the 
normal side, and in both there had been more than minimal slipping at the time of opera- 
tion and the duration of symptoms had been one year. In one of these the displacement 
had been fairly severe, and the major obstruction to a considerable limitation of motion 
was removed from the neck of the femur at the time of operative fusion, with immediate 


improvement ol motion 
In no case has there been any increase in displacement over that present at the time 


of operation. There are normally appearing bony trabeculation, homogeneous density, 
and smooth articular surfaces in all cases, with no suggestion of aseptic necrosis or other 
degenerative changes. In five cases the involved extremity is one-quarter to one-half inch 


shorter than the normal extremity 
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DESCRIPTION OF THE OPERATION FOR EPLPHYSEODESIS 


Exposure of the anterosuperior aspect of the neck of the femur is made through the 
Smith-Petersen approach. The capsule is incised longitudinally to expose the neck of the 
femur at its junction with the head. The periosteum is incised in the long axis of the neck, 
and at each end a short transverse incision is made. Excessive periosteal elevation should 
be avoided. It is not important to visualize the epiphyseal plate as long as one is oriented 
to its location. A rectangular-shaped section of bone cortex, about three centimeters long 
and one centimeter wide, is removed along the long axis of the neck of the femur. The 
epiphyseal plate .s left intact and care should be taken not to injure the articular cartilage. 
This piece of cortical bone is laid aside to be replaced later. A twist drill or reamer, one 
centimeter in diameter, is then introduced into the gutter and is directed obliquely toward 
the center of the femoral head. A hole is made into the central portion of the head, deep 
enough to cross the epiphyseal plate. One can sense the relatively increased density as the 
drill enters the head. The opening may be enlarged somewhat by means of a curette, but 
no extensive curettage is attempted. Small pieces of cancellous bone, obtained from the 
crest of the ilium, are impacted into the depths of the hole, which is filled to the floor at 
the gutter in the neck of the femur. A solid peg of cancellous bone of appropriate size may 
also be driven in. The piece of cortex previously removed is then replaced, so that the 
surface of the femoral neck is left smooth and without any defect in bone. The periosteum 
and the capsule are sutured and the wound is closed. 

No postoperative fixation is used other than temporary light traction for comfort 
and restraint. The posterior half of a plaster boot may be used instead, a horizontally and 
transversely placed length of wood being incorporated posterior to the ankle to steady 
the extremity and to prevent rotation while the patient is in bed. Pain and muscle spasm 
rapidly subside after operation, and there is soon a return to good active and passive 
motion. If one has complete confidence that the patient will not bear weight on the ex- 
tremity, he is permitted to be ambulatory with crutches ten days after operation. Other- 
wise a plaster spica is applied and worn for four weeks. Perhaps this precautionary pro- 
tection is better in most cases. Since this operation does not provide immediate fixation, 
no weight-bearing is permitted for six weeks. Full weight-bearing is not permitted until 
twelve weeks after operation, even if roentgenograms show obliteration of the epiphyseal 
plate before that time. It would seem, however, that there would be no objection to full 


weight-bearing as soon as roentgenograms show the epiphysis to be fused. 


DISCUSSION 


For those who are not satisfied with metallic fixation or with conservative treatment, 
the grafting procedure is recommended, as it unquestionably stimulates prompt fusion 
of the epiphysis. The average time for fusion after operation was 2.3. months, as 
compared with 19.8 months reported in patients treated by conservative methods and as 
compared with the doubtful hastening of fusion by metallic fixation. Operation for fusion 
of the epiphysis is preferable to conservative treatment because it lessens the period of 
disability and protective care required and prevents further displacement. The shorten- 
ing or disturbance of growth following premature fusion in this age group is not of any 
consequence. No degenerative changes at the head of the femur or other harmful effects 
at the hip have occurred during the follow-up observations. Roentgenograms made soon 
after operation show a moderate but temporary demineralization throughout the epiphysis 
as compared with a relatively increased density before operation. This is indicative of a 
good blood supply. It is pertinent in this connection to mention one case in which a 
grafting procedure was done at the time of open reduction of an acute slipping. In this 
patient there had been sudden and complete displacement of the epiphysis, which was 
completely isolated from any blood supply other than that provided by the ligamentum 
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teres. Fusion was present at the end of eleven weeks in this case and the roentgenographic 
appearance and function of the hip when the patient was last seen were normal. 

True end results cannot be determined until much later in life, but from the stand- 
point of funetion and roentgenographie appearance, it does not appear that disability is 
likely to occur later in those cases in which there had been no more than a minimal dis- 
placement originally. Although it is believed best to fuse the epiphysis in early cases of 
slipping, we do not, as yet, insist upon the necessity for immediate operation in every 


case without a short period of observation under protective treatment. Once the diag- 
nosis has been firmly established, however, epiphyseodesis without further delay is rec- 
ommended as offering fewer complications than temporizing and relying upon crutches 
or a brace, and as preferable to the unreliable results following long confinement to bed 
or protection in a plaster spica. While we do not deny that good results may be obtained 


by other methods of treatment, our own experiences and observations have led us to 
conclude that surgical fusion is preferable. Encouraging results suggest also that curet- 
tage of the epiphyseal plate and the insertion of a cancellous-bone graft from the neck of 
the femur into the head may be rational treatment at the time of reduction of acute 
slipping with marked displacement. Perhaps this may provide better circulation to the 
epiphysis and prevent aseptic necrosis, which so commonly follows treatment by redue- 
tion and immobilization alone. Further observations, of course, are required to confirm 


this 
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EPIPHYSEODESIS 


DISCUSSION 

Dr. H. R. McCarrour, Sr. Louts, Missourt: The work of the authors and the earlier work of Dr 
Howorth has shown that this operative procedure can be performed with apparent safety and with stimula- 
tion of more rapid fusion of the epiphyseal plate at the head of the femur. The question is whether or not the 
time saved in the fusion of the epiphysis justifies the amount of surgery which this procedure requires, In 
the preslipping stage or in the stage of minimal slipping, we can choose among four methods of treatment 
The first of these is the conservative program in which bed rest with longitudinal traction together with 
internal rotation can be used, or immobilization in a plaster spica can be applied over a period of time. There 
is no question that further slipping can be prevented by means of traction. The objection to such therapy is 
obviously the length of time which the procedure requires. With such conservative measures, between twelve 
and twenty-four months are required for the epiphyses to fuse; in private practice this almost completely 
precludes the possibility of such treatment. In crippled children’s clinics it has been used in many instances 
with satisfactory results and with little or no risk. 

The second method is that of fixation of the capital epiphysis by means of a Smith-Petersen nail. The 
objection to the use of the Smith-Petersen nail in the past has been that it is possible to displace the epiphysis 
still further when the nail is introduced. I think that this hazard is more theoretical than real, although sev- 
eral instances of this complication have been reported. 

The third procedure consists in fixation of the capital epiphysis by means of large threaded wires, Knowles 
pins, or Moore pins. These multiple pins can also adequately anchor tue capital epiphysis and prevent further 
displacement. In time the epiphyseal plate will fuse and the result can be considered satisfactory. The objec- 
tion to the use of these pins is the difficulty one encounters, not infrequently, in their placement. To introduce 
three or four such pins into the neck of the femur and symmetrically across the epiphyseal plate in a young 
child is not always easy. 

This brings us to the fourth procedure possible in the treatment of this condition, that discussed by the 
authors. There seems to be little question that with the use of bone grafts we can expect more rapid fusion 
of the epiphyseal plate and, in the authors’ hands at least, the results have been satisfactory and no instance 
of aseptic necrosis has been encountered. This seems a little strange in view of the amount of surgery in- 
volved. Such an operative procedure cannot be considered free from risk and, if it is established as a more or 
less routine method of treatment, unsatisfactory results will be encountered. In the hands of the average 
surgeon it would seem, therefore, that fixation of the capital epiphysis by means of the three-flanged nail or 
by means of threaded wires or pins represents a safer and more satisfactory procedure. 


Dr. M. Beckerr Howortu, New York, N. Y.: Dr. Heyman has presented a group of nineteen opera- 
tions performed during the last ten years in which he has done a successful stimulation of fusion in the upper 
femoral epiphysis for early and later slipping. This is an interesting group of cases, well presented. I was im- 
pressed with the roentgenograms. I was also pleased to note that among the cases were one or two in which 
there had been a slipping of about half an inch; in these some of us might have been tempted to do an open 
reduction rather than merely to arrest the slipping where it was. 

Our experience with epiphyseodesis for the upper femoral epiphysis dates back to 1930 and was first 
recorded in 1931 *; since that time we have studied nearly 300 cases operated upon by this method. Two hun- 
dred of them were reported in Quebec in 1948” and another hundred have been operated upon since that 
time. Phemister *, about the time when we were working on this problem, reported his operation, but his pur- 
pose, of course, was to stop growth, and our purpose was to stop slipping and to produce healing of the lesion, 
so that, although basically the operations were similar, the purposes of the operations were quite different. 
What are the indications for such a procedure in the upper femoral epiphysis? I consider that the operation 
might well be indicated for any child with an early slipping of the upper femoral epiphysis. If the slipping 
has gone as far as half an inch, there is still no objection to the operation. We have done it in such cases 
and fownd that it works and that the clinical results are more satisfactory than in most of the cases in which 
we attempted an open reduction through the neck, or an osteotomy. 

The technique of the operation is somewhat similar to that of Dr. Heyman’s. Instead of cutting a slot 
in the neck, we make a small triangular fenestration anteriorly through which we drill three holes across the 
epiphyseal plate, using the Nicola gouge. Then we remove three bone pegs from the ilium and insert them 
through these holes. Actually, if the epiphysis has slipped a little, the holes can be drilled more easily, because 
the head is displaced posteriorly and the pegs are aimed more directly toward the head. 

Once the hip has been exposed the operative procedure is simple and the operative trauma is slight. 


a. Fereuson, A.B., and Howorrn, M.B.: Slipping of the Upper Femoral Epiphysis. A Study of 70 
Cases. J. Am. Med. Assn., 97: 1867-1872, 1931 

b. Howorrn, M.B.: Slipping of the Upper Femoral Epiphysis. J. Bone and Joint Surg., 31-A: 734-747, 
Oct. 1949. 

c. Puemisrer, D. B.: Operative Arrestment of Longitudinal Growth of Bones in the Treatment of 
Deformities. J. Bone and Joint Surg., 15: 1-15, Jan. 1933. 
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FRACTURE-DISLOCATION OF THE ANKLE WITH THE FIBULA FIXED 
BEHIND THE TIBIA 


BY JOSEPH L. FLEMING, M.D., AND HAROLD O. SMITH, M.D., DETROIT, MICHIGAN 
From the Division of Orthopaedu Surgery He nry Ford Hospital Detroit 


In 1947, Bosworth reported five cases of fracture-dislocation of the ankle in which 
the proximal fragment of the fibula became caught behind the flaring distal posterolateral 
portion of the tibia. In the first case, a recent fracture, reduction by manipulation was 
impossible. At open reduction, the reason for this was found to be the posterior displace- 
ment of the fibular-shaft fragment, which was held tightly in place behind the posterolateral 
tibial ridge by the tense interosseous membrane. By prying the fibula away from the tibia, 
reduction of the dislocation was accomplished with a loud snap. In a second case, also a 
recent fracture, similar treatment was used. 

Dr. R. 1. Harris, in discussing Dr. Bosworth’s paper, showed an identical case in 
which open reduction was necessary. Dr. Bosworth also reported two old cases in which 
fusion of the ankle was necessary, and another in which late open reduction (at nine 


months) gave a satisfactory clinical result. 
Having the advantage of this previous work, the authors were able to treat a similar 
displacement by closed reduction. To their knowledge, it was the seventh case on record, 


and the first to be treated by closed reduction. 


A twenty-four-year-old male slipped while crossing a wet street. Other than the fact that he had caught 
his heel on the curb, the mechanism of injury was unknown. The ankle was grossly swollen, and the foot was 
dislocated posterolaterally. Roentgenograms (Figs. 1-A and 1-B) showed a fracture-dislocation of the ankle 


Fig, 1-A 
Posterolateral dislocation of ankle 

Fig. 1-A: Anteroposterior roentgenogram, showing marked posterior displacement of the fibula 
behind the tibia. To the medial side of the medial malleolus is a large fragment of bone which, later 
roentgenograms showed, came from the medial portion of the medial malleolus and was avulsed by the 
periosteal expansion of the deltoid ligament. 

Fig. 1-B: Lateral roentgenogram, showing the long spike of the fibula apparently securely lodged 
behind the posterior flare of the tibia. This view also shows the marked posterior displacement of 
the fibula 
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FRACTURE-DISLOCATION OF THE ANKLE 


Fig, 


After first manipulation. 
Fig. 2-A: The ankle mortise is still wide, and the posterior displacement of the fibula can now be 
easily seen on this anteroposterior view. Note the small plaque of bone on the medial portion of the 


medial malleolus. re 
Fig. 2-B: In this lateral roentgenogram, the fibula is still markedly displaced posteriorly and seems 


still to be securely lodged behind the flare of the tibia. 


Fic. 3-A 
After second manipulation, 

Anatomical reduction of the fibula with no widening of the ankle mortise. Again, the plaque of 
bone from the medial portion of the medial malleolus is noted, indicating that the deltoid ligament 
was ruptured in this case from the proximal insertion rather than from the talus. 

with the foot in external rotation, and an oblique fracture of the fibula below the tibiofibular ligaments, as 
well as rupture of the deltoid ligament, the medial malleolus remaining intact. The unusual displacement 
was not recognized 

Two hours after injury, under pentothal sodium and nitrous oxide anaesthesia, manipulation was carried 

out by traction on the ankle, internal rotation of the heel, and compression of the ankle. Roentgenograms 
(Figs. 2-A and 2-B) showed clearly that the fibular shaft was still markedly displaced posteriorly and me- 
dially, and that the ankle mortise was still wide, Clinically, a sulcus was present at the usual site of the distal 
portion of the fibular shaft. 

Bosworth’s article was called to mind; in fact, we had been looking for this type of 


fracture since 1947. 
The fingers were placed behind the fibular shaft, which could be indistinctly palpated behind the tibia, 
and a strong pull was applied. After ten seconds of pulling, a loud crunching noise was heard; additional pull 
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was applied, and suddenly the fibular shaft snapped loudly back into anatomical position (Fig. 3-B). 
a short skin-tight walker was used for four 


After six weeks of immobilization in a toe-to-groin cast 
idditional weeks. The patient soon returned to his job of delivering bread and, when last seen seven months 


had «a normal range of motion, normal roentgenograms, and was asymptomatic except for the 


ilter injury 


usual mild pain with weather changes 


It can be seen from Figures 2-A, 2-B, 3-A, and 3-B that for reduction to occur the 
proximal fragment had to pass from behind, over the posterolateral tibial prominence, to 


In the usual external-rotation fracture, the main mass of the inferior 


its normal position 
tibiofibular ligaments holds the fibular shaft snugly against the tibia, thus supplying the 


fixation required for the usual fracture of the malleolus. In most cases, the anterior 
inferior tibiofibular ligament, with or without a fragment from the lateral aspect of the 
tibia, is avulsed by the force displacing the distal fragment of the fibula. In this unusual 
fracture-dislocation, it seems necessary to assume either that the main tibiofibular liga- 


the interosseous portion) are somewhat lax or that the posterolateral tibial pro- 


ments 
tuberance is somewhat smaller than usual, allowing the proximal fibular fragment to 


rotate around the tibia. It is clear that the main tibiofibular ligaments are intact for, if 
along with a varying length of the interosseous membrane), there 


they were ruptured 


would be nothing to hold the fibular shaft so securely in its posteromedial position. In 


our case it was easily determined by clinical examination after reduction that the ligaments 


were intact 
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DerVELOPMENTAL DerorMITIES OF THE LowEeR EXTREMITIES 


(Continued from page 527 


of the normal? Is the primary disturbance, when there is one, vascular, neurological, ligamentous, or mus- 


cular? Is it inherent in the gene, due to an early metabolic change in the embryo, a mechanical factor in 
ulero, & hormonal imbalance, or what? What is primary and what is secondary? May I point out again that 


the relaxations are nearly always general, affecting the ligaments and muscles of the trunk and the upper 


extremities as well as the lower. This is something which is often not observed 


Da. Witttam Nacuias, Barrimore, Marytanp: Medial torsion of the lower extremities may appear 


to be unimportant in these days of extensive hip reconstructions, intramedullary nailings, and replacements of 
but it has real significance, both diagnostic and functional. Many 


femoral heads by metallic prostheses 
of you will recall that patients with these deformities were sent to us for treatment as rachities. In the clinic 


of Dr. kedward A. Park, where careful clinical studies, x-ray examinations, and even pathological-section 


evaluations were used as the criteria for diagnosing rickets, it soon became evident that, in spite of the 
deformities of their limbs, these patients did not have rickets. Their malformations constituted a separate 
one that could not be cured by the administration of vitamin D. The evolutionary 
origin of this condition was suggested by a survey of many newborn infants, in 80 per cent. of whom one 
could find some medial torsion. Postnatal malposture as described by Dr. Kite and Dr. Knight may exagger- 
ate the deformity, but why do the children find this particular posture one that is natural for them? 

medial torsion also has significance. If the deformity persists, the patient has one of two 
by doing so, he loses the efficiency 


and distinct clinical entity 


Functionally 
alternatives: (1) He ean propel himself with his feet turned in, but 
of the push-off that the forward-facing foot gives; or (2) he can externally rotate his limb at the hip and 


abduct the foot at the mid-tarsal joint. The mechanical deficiencies of these compensations are obvious. 
faire treatment that has just been reported as being successful in one case is unfortunately 


The laissez 
not uniformly successful. If it were, we should not find medial torsion in adults. We have approved methods 


of treatment for permanent twists, which vary from manipulative procedures through braces and casts to 
Fortunately the milder treatments are generally successful in the young infant. In 


rotation osteotomies 
the small percentage of patients who do not respond to these procedures, more radical manoeuvres can 


be performed at a later date 
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GIANT OSTEOID OSTEOMA 


BY DAVID C. DAHLIN, M.D., ROCHESTER, MINNESOTA, 
Section of Surgical Pathology, Mayo Clinic, 


AND EINER W. JOHNSON, JR., M.D., ROCHESTER, MINNESOTA, 
Section of Orthopaedic Surgery, Mayo Clinic and Mayo Foundation 


Eleven unusual and microscopically characteristic benign tumors have been encoun- 
tered in a comprehensive study of pathological specimens in approximately 2,000 cases of 
primary tumor of bone at the Mayo Clinic. This tumor, which apparently always origi- 
nates within bone, consists principally of partially calcified osteoid trabeculae in a vascular 


stroma. The literature on benign tumor of bone is already abundant and confused, but 


this lesion seems distinctive enough to merit record and comment. We have chosen to call 


the tumor under discussion “giant osteoid osteoma” because this name seems most fitting. 
It is distinctively different from the ordinary osteoid osteoma and should not be classed 


with it, as will be evident from the following discussion. 


LOCATION 


In our series of eleven tumors, four involved part of the following vertebrae: the third 
thoracic, eleventh thoracic, third lumbar, and fifth lumbar. In each of these a portion of 
the vertebral arch was destroyed and in three the vertebral body itself was affected. Five 
tumors were found in long bones: two in the femur, two in the tibia, and one in the hu- 
merus. Various parts of the diaphysis of these long bones were involved. Of the two re- 
maining tumors in the series, one was in the upper fourth of the patella and the other had 


almost completely destroyed the talus. 


PATHOLOGICAL FEATURES 


All eleven tumors involved the cancellous or medullary portion of the bone and caused 
erosion, often in an eccentric fashion, of the cortex in the area of the tumor. The tumors, 


except for those affecting vertebrae, about which exact information was lacking, were 
contained by the occasionally bulging periosteum. The exact size of the neoplasms could 
not always be determined accurately, since they were usually removed piecemeal. This 


Was true especially in the cases in which the vertebrae were involved. A notable fact, how- 


ever, was that the tumors were large, in contrast to the familiar osteoid osteoma. Those 
found in the extremities varied from 2.5 to more than five centimeters in diameter. The 
tumor which affected the talus scarcely extended beyond the confines of the bone and the 


periosteum was intact. A lesion microscopically identical to this one had affected only the 
upper fourth of the patella, although the patient had experienced pain in that region for 
four vears. The five tumors located in the long bones were associated with considerable 
thickening of the adjacent cortex, similar to that observed in an ordinary osteoma. This 
cortical thickening was produced by the growth of new subperiosteal as well as endosteal 


bone. 

Grossly, the lesions were homogeneously hemorrhagic, friable, and granular, varying 
from a reddish color to purple. The bleeding at operation was often impressive. The speci- 
mens are granular and gritty because of the calcifying osteoid which they contain. The 
tumors were reasonably well demarcated from the surrounding normal or sclerotic bone, 

Microscopic examination of many sections from all lesions revealed the following 


features: 
1. Osteoid tissue showing varying, usually slight, degrees of calcification was the 


* The Mayo Foundation is a part of the Graduate School of the University of Minnesota. 
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It was characteristically disposed in a fairly regular pattern 
sarcoma. In parts of two tumors, however, this osteoid pattern 


most prominent feature. 


unlike that of osteogenic 
closely simulated that observed in fairly well differentiated osteogenic sarcomata. In 
general, the trabeculae were distinctly broader, longer, and more widely separated than 


those of the usual osteoid osteoma. 

2. Vascularity was the next most prominent feature. The spaces between the osteoid 
trabeculae were filled predominantly by dilated capillaries, or, on occasion, by blood- 
filled spaces without recognizable walls. The vessels were thin-walled and usually did 
not have a muscular component 

Although fibrous tissue containing benign spindle-shaped nuclei was present in some 
tumors, it was not predominant in any and was minimal in most. Multinucleated benign 
giant cells in variable numbers were observed in all tumors. They lay in the scanty con- 
nective tissue between the osteoid trabeculae and the blood channels or, in some in- 
stances, appeared to be within the blood-filled spaces. The giant cells were, on the average, 
smaller and contained fewer nuclei than those of benign giant-cell tumors. 

Evidence of malignancy was absent in all cells. Benign osteoblasts were prominent 
around the osteoid trabeculae. Mature fibroblasts made up the rather insignificant spindle- 
cell component of these tumors, and only small amounts of collagen were observed. The 
giant cells did not show evidence of malignancy. 
CLINICAL FEATURES 
The youngest patient in the group was five years of age when he was first seen at the 
Clinie; his symptoms had been present for about six months. On the other hand, the oldest 
of the eleven was sixty years of age when first seen. The remainder of the patients ranged 
in age from sixteen to thirty-one years. There were ten males and one female. 

The symptoms of this group of patients did not differ markedly from those of any 
other group of comparable size with benign osseous tumors. Pain was the cardinal symp- 
tom and was most often described as nagging, boring, or like a toothache in quality. In all 
cases in which the examining physician specifically asked, it was found that the pain was 
more troublesome at night than during the day. All patients complained of pain in the 
region involved, and with few exceptions the pain was centered directly over the affected 
part. In one case, however, the pain from a lesion of the mid-portion of the tibia was 
referred to the foot and ankle of the affected leg. In another case pain from a lesion of the 
trochanter was referred to the knee of the same limb. The duration of the pain varied 
from three weeks to five years. The average duration was 25.8 months. 

Five of the eleven patients had swelling or a definite mass associated with the pain. 
Of the remaining six patients, four had involvement of the vertebrae, one had invasion of 
the upper third of the femur, and one had involvement of the tibia. In all but the last 
mentioned, it would have been difficult for the patient to discern a mass unless it had 
been large. Three of the patients complained of a limp on the affected weight-bearing ex- 
tremity; two had mentioned intermittent swelling of an adjacent joint, and two had dem- 
onstrable weakness of the involved extremity. Four patients lost weight; one of these lost a 
total of forty pounds (18.1 kilograms). One patient attributed his weight loss to anorexia 
resulting from continual pain. The two most common symptoms were pain and swelling. 

Physical examination revealed the most frequent finding to be swelling or a firm 
mass, which was present in six cases. Tenderness to palpation was noted in only five 
patients, and three of these did not have palpable tumors. Atrophy of adjacent muscles 
was noted in three cases, and five patients had limited motion of adjacent joints. Of these 
five, the spinal columns of three, the knee of one, and the ankle of one were involved. A 
patient with spastic paraplegia had a definite sensory level at the third thoracic interspace, 
due to encroachment of the tumor on the spinal cord at that level. Increased heat was 
present in the region of the tumor in two cases. 
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On the basis of the clinical findings, including roentgenograms and the history, the 
two most common diagnoses made preoperatively were osteomyelitis and osseous tumor. 
In one particularly baffling case, in which the lumbar portion of the spinal column was 
affected, the diagnosis was narrowed down to a choice between postpoliomyelitic syndrome 
and a lesion of the lumbosacral plexus. In another case the initial diagnosis was destructive 
arthritis of the ankle. In three cases the lesions were definitely considered to be of inflam- 
matory origin, and in five they were believed to be neoplastic. Three patients had been 
advised elsewhere to have amputation performed and one of these had had a specimen 
removed for biopsy. Only one patient in the group of eleven had received definitive therapy 
elsewhere before his visit to the Clinic; the treatment had consisted in drilling of the bone 
at the site of the lesion on three occasions. 

The results of routine laboratory studies offered the clinician little help in making 
the initial diagnosis. In two cases only were any of the findings abnormal, and in both in- 
stances it was the rate of sedimentation. The rate in one case was twenty-five millimeters 
in one hour, and in the other seventy-six millimeters in one hour (Westergren method). 
One patient had 11,600 leukocytes per cubic millimeter of blood and two others had low- 
grade albuminuria. The cerebrospinal fluid of the four patients whose vertebrae were 
involved did not show abnormal variations. 

The initial roentgenograms revealed definite evidence of lesions of bone in all but one 
instance, and in this case the roentgenograms subsequently showed evidence of a lesion. 
It is impossible to outline a definite set of criteria for diagnosis of this type of benign lesion 
of bone on the basis of the roentgenograms. The roentgenograms for five patients were 
interpreted as showing evidence of destruction of bone only, and it is of note that three 
patients whose vertebrae were involved were in this group. The roentgenograms of each of 
the five patients having a lesion in a long bone showed an area of bony sclerosis and in 
each a central area of bony rarefaction was seen. Osteomyelitis of long duration was the 
most common diagnosis in this group. In the eleventh case the roentgenogram was inter- 
preted as showing evidence of an osteoma arising from the third lumbar vertebra. In all 
cases, the roentgenograms were most significant in delineating a lesion as a variant from 
the normal. Thus, decisive action in the form of biopsy could be taken to ascertain defi- 
nitely the nature of the lesion and its proper treatment. 

After biopsy, ten patients underwent operation for removal of a neoplastic mass. The 
lesion of one of these was located in the transverse process and lamina of the third thoracic 
vertebra, so that complete removal could not be accomplished. Nevertheless, wide lam- 
inectomy to relieve the extrinsic pressure on the thoracic portion of the spinal cord, fol- 
lowed by five courses of roentgen therapy, served to eradicate the symptoms. In another 
case, in which the upper third of the femur was involved, it was necessary to perform 
curettage of the area twice before permanent relief was obtained. The eleventh patient 
underwent amputation at the junction of the upper and middle thirds of the femur after 
biopsy and an erroneous diagnosis of sarcoma. Five patients were given a course of roentgen 
therapy after operation. Only one course was administered to each of four patients; the 
fifth patient, already mentioned, received five courses because of the inaccessibility of the 
tumor and the surgeon’s knowledge that he had not removed all of the abnormal tissue. 

The postoperative course of these patients indicated the benign nature of the lesions. 
The three patients most recently treated were well or improved at follow-up intervals of 
twelve months, fourteen months, and thirty months respectively. The other patients have 
remained well for periods varying from 4.3 to eighteen years. 

Detailed reports of the eleven cases follow. 


REPORT OF CASES 


Case 1. A seventeen-year-old white male registered at the Clinic on June 24, 1952. He had had pain, 
swelling, and tenderness in the region of the right ankle joint since injuring it three years previously. He 
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walked with a marked limp and was wearing a short double-iron brace on his leg. There was 75 per cent. 


loss of motion in the right ankle joint with exquisite tenderness, moderate swelling, and increased local heat. 
\ roentgenogram (Fig. 1-A) revealed a destructive lesion of 


Laboratory findings were non-contributory 
the talus with some extra-osseous formation. Before biopsy of the lesion, a needle with a large bore was in- 


serted and blood could be withdrawn at wil! from different areas of the tumor. An arteriogram demonstrated 


marked vascularity of the tumor, one large artery entering the central portion of the lesion. On July 2, 1952, 


a tourniquet was placed above the lesion which was resected after fresh frozen sections revealed its benign 
So much of the body and neck of the talus were destroyed by the tumor that it was necessary to 
follow resection with a modified triple 
arthrodesis; bone from the bone bank was 
used to fill the defect created. When the 
patient returned in June 1953, the result 
was good except for a draining sinus in the 


nature 


area. 
The specimen consisted of thirty-two 


grams of homogeneous granular, fairly 

soft, friable bloody fragments (Fig. 1-B). 

Sections could be prepared readily from 
| this material without decalcification, al- 
| 


though osteoid was the predominant 


element throughout (Fig. 1-C). 


It seemed, on pathological 


examination, that the lesion was 
identical to the osteogenic fibro- 


mata described by Lichtenstein 4 
who made the comment that “‘ when 
such tumors are comparatively 


small, it may be difficult to dis- 
tinguish them clearly from osteoid 


Fig. 1-B 

Fig. I-A: Case 1. The roentgenogram 

showed a destructive lesion of the talus. At 

operation it was found that most of the talus 
had been replaced by tumor tissue 


Fig. 1-B: Showing the gross specimen from 
the same lesion. The tissue was granular, 
friable, and hemorrhagic 


Fig. 1-C: Photomicrograph ( 170, hema- 
toxvlin and eosin stain) showing rather coarse 
osteoid trabeculae separated by thin-walled 
vascular channels and a few benign giant 
cells. The entire lesion showed the same 


pattern 
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osteomas”’. This case focused our attention on similar cases in our files in which lesions 
had been tentatively labeled “‘ osteogenic fibromata’’, a name which seems much less fit- 
ting than that of “giant osteoid osteoma’ which we are proposing. 


Case 2. A twenty-year-old white man registered on January 11, 1946, complaining of pain in the right 
leg at the distal end of the tibia of more than four years’ duration. He had had “drilling” operations per- 
formed elsewhere in 1942, 1943, and 1945, which brought only temporary relief. The progress of the lesion 
from September 1, 1943, to January 17, 1946, is illustrated in Figures 2-A and 2-B. The pain awakened the 
patient at night and he was taking 200 to 300 grains of acetylsalicylic acid (twenty to thirty aspirin tablets) 
every twenty-four hours for relief. The roentgenogram made on his admission was interpreted as showing 
evidence of old osteomyelitis of the middle third of the right tibia. 

On January 24, 1946, the anterior half of the mid-portion of the tibia and the lesion were excised (Fig. 
2-C). A bone graft from the ilium was used to fill the defect. When last heard from in July 1952, the patient 


was in good health and had not suffered a recurrence of the tumor. 
The pathologist’s diagnosis was ‘“‘atypical hemorrhagic so-called osteoid osteoma, 5 by 2.5 by 2.5 centi- 


meters, invading cortex and medulla”. 


The gross features of this tissue were exactly like those in Case 1 and microscopic 
sections (Fig. 2-D) revealed a pattern like that in Case 1. Again the osteoid component 
was the most striking. Small thin-walled vessels were abundant and relatively small foci 
of spindle cells were present. It is interesting that, although the tumor itself was just like 
that in the preceding case, there was no surrounding bony sclerosis in Case 1. 


Case 3. A white man, twenty-three years old, had injured his left thigh one year before registration on 
December 13, 1944. He had had severe pain and moderate swelling in the lower thigh area for four months. 


He had lost thirty-nine pounds (17.7 kilograms) in six months. He was found to have an ill-defined tumefac 
tion involving the anterolateral aspect of the distal end of the left femur with increased local heat and effusion 


Fic. 2-A Fic, 2-B Fig. 2-C 
Fig. 2-A: Case 2. Roentgenogram of the left tibia made on September 1, 1943, showing a radiolucent 
area surrounded by dense selerotic bone. 


Fig. 2-B: Roentgenogram made on January 17, 1946. Note the marked progression of the process 


Fig. 2-C; The tumor was removed together with the anterior half of the tibia. (Figs. 2-A through 2-C 
reproduced by permission of J. B. Lippincott Company from M. B. Dockerty, R. K. Ghormley, and 
A. K. Jackson: Osteoid Osteoma. A Clinicopathologic Study of 20 Cases. Annals of Surgery, 133: 85, ° 


1951.) 
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Photomicrograph ( 150, hematoxylin and eosin stain) of a section from the tumor, 
consisting of partly calcified osteoid trabeculae again separated by numerous thin-walled 
vessels and an occasional giant cell 


into the knee joint. The erythrocyte sedimentation rate was seventy-six millimeters in one hour (Westergren 
method), but results of other laboratory tests were essentially normal. Marked thickening of the cortex of 
the distal half of the femur was noted (Fig. 3-A). Some medullary destruction could be seen which was most 
suggestive of chronic osteomyelitis, but the presence of a malignant tumor could not be ruled out. Effusion 
was present in the knee joint 

The diagnosis, after biopsy of material from the rarefied portion, was osteogenic sarcoma. Accordingly 
the left lower extremity was amputated at the base of the greater trochanter on December 18, 1944. When 
last heard from, on April 4, 1949, the patient was in good health 

The gross specimen reve aled marked thickening of the cortex of the femur in the region indicated in the 
roentgenogram. This thickening was due to deposition of sclerotic benign bone in the medulla as well as 
in the subperiosteal region (Fig. 3-B). The central rarefied portion was filled by a soft granular tumor which 
involved the medulla and cortex on one side and produced moderate bulging of the periosteum. It measured 
§.2 by 2.5 by 2 centimeters. This soft, friable material was well demarcated from the surrounding bone and 


was microscopically the same as in Cases | and 2 (Fig. 3-C) 


(‘ase 4. A white man, thirty-one years old, registered on January 10, 1951. He had had increasing pain 
and swelling of the right knee for four years. At the onset the pain occurred only at night. A preoperative 
diagnosis of internal derangement of the right knee was made and exploration was carried out elsewhere in 
June 1947, but no abnormality was found. Examination at the Clinic revealed the cireumference of the right 
knee to be 1.5 centimeters greater than that of the left. There was moderate limitation of flexion and the 
patella was enlarged. An osteolytic lesion involved the proximal third of the patella, the superior border of 
which pp ared to be fuzzy (Fig. 4-A) 

Patellectomy was performed on January 15, 1951. The initial pathological impression was that the 
lesion represented an atypical giant-cell tumor. It measured two centimeters in diameter and its gross and 
microscopic features were identical to those of tumors described in the preceding cases. He returned three 
months after the operation, having obtained an “excellent result’. When last heard from, in July 1953, he 


did not mention any complaints referable to his knee 


This tumor was less remarkable for its size than for the fact that none of the surround- 


ing sclerosis usually associated with an osteoid osteoma was present. Also, as seen in Figure 


1-B, the osteoid trabeculae formed a distinctly looser meshwork than that observed in the 
ordinary osteoid osteoma. 


‘ase 5. A nineteen-year-old white man registered at the Clinie on May 25, 1934, complaining of a dull 
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Fig. 3-A 


Fig. 3-A: Case 3. On the roent- 
genogram the tumor, which meas- 
ured 3.2 by 2.5 centimeters, was 
largely obscured by the associated 
sclerosis. 


Fig. 3-B: Photomicrograph (xX 
95, hems atoxy lin and eosin stain), showing non-neoplastic subperiosteal new bone adjacent to the tumor. 


Fig. 3-C: Photomicrograph (X 175, hematoxylin and eosin stain) showing characteristic pattern 
from the same tumor. 


aching pain in the right leg of four years’ duration; the pain became worse at night. For one year there had 
been swelling below the right knee. Examination disclosed a firm tumor-like mass affecting the upper third 
of the right tibia. The roentgenograms have been discarded, but had been interpreted to show “‘localized”’ 
osteosclerosis involving a portion of the upper third of the shaft of the right tibia with central irregular areas 
of rarefaction. The process was believed to be chronic osteomyelitis, but the possibility of malignant tumor 
was not excluded. 

At operation on May 28, 1934, the greatly thickened cortex was found to be almost perforated pos- 
teriorly by a mass of soft bluish-red or purple material in a central cavity. This was thoroughly curetted out. 
A routine culture of this material was negative. Because the pathologist considered the lesion to be a giant- 
cell tumor of a low grade of malignancy, postoperative roentgen therapy was given to the affected bone. 
When last heard from, in June 1953, the patient was in good health and had not had any further difficulty 
with the leg. 

The tumor was delivered to the pathologist in pieces which aggregated five centimeters in diameter, In 


all respects it was similar to the tumors in the previous cases, except that some of the fragments were grittier 


because of calcification of some of the osteoid trabeculae (Fig. 5) 
Case 6. A white man, sixty years of age, registered at the Clinic on February 21, 1921, having had pain 
in the left arm for one year. The pain was worse when he was idle and was also worse at night. Three weeks 


before he registered, an osteopath had told him he had a tumor. On examination, tender swelling of the 
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hig. 4-A 

Vig. 4-A: Case 4. Roentgenogram showing a 
lesion which involved the upper third of the 
patella. 

Fig. 4-B: Low-power photomicrograph (x 
30, hematoxylin and eosin stain) showing the 
characteristic pattern. The interlacing osteoid 
trabeculae are only slightly calcified 


| 
| 


‘ 
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Fig. 5: Case 5. Photomicrograph ( 90, hematoxylin and eosin stain) of a specimen in which the 


osteoid was fairly heavily ealeified in some sections 
Fig. 6: Case 6. The photomicrograph ( 50, hematoxylin and eosin stain) showing the same loose 
pattern ol osteoid trabeculae so commonly seen in these lesions. Some fibroblasts, as well as vessels, are 


present between the osteoid beams 
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Fic, 7-A 


Fig. 7-A: Case 7. The roentgenogram revealed a subperiosteal lesion in the femur. 


Fic. 7-B 


Fig. 7-B: Photomicrograph (X 95, hematoxylin and eosin stain) showing the same basic pattern as 
was seen in the other lesions. Fairly numerous benign giant cells are present 


middle portion of the left humerus was found. The roentgenograms, since discarded, were interpreted as 
showing sarcoma of the middle third of the humerus. The contents of a central rarefied region in the humerus 
were removed on February 25, 1921. A diagnosis of osteoma containing foreign-body giant cells was made. 
The patient was given radium and roentgen therapy postoperatively. He died after prostatic resection ten 


years later, without suffering further trouble with his arm. 
The tissue removed from the humerus was granular, rather firm, friable, and bloody. It was in fragments 


aggregating 3.5 centimeters in diameter. The same fundamental pathological features observed in all the 


cases previously described were present (Fig. 6). 


Case 7. A white man, eighteen years of age, registered at the Clinic on October 10, 1922, complaining of 
pain in the left hip and thigh, of five months’ duration. The pain had increased in severity until drugs were 
required for sleep. Tenderness was present on pressure over the upper part of the left femur. A roentgenogram 
was interpreted as showing osteomyelitis in the upper third of the femur with marked periosteal overgrowth 
(Fig. 7-A). 

On October 13, 1922, the rarefied region was unroofed. The surgeon encountered a soft mass. The ma- 


terial, preserved in formalin, has the gross features noted in the preceding cases and aggregates 2.5 centi- 
meters in diameter. The pathologist's diagnosis was benign giant-cell tumor. 

The pain recurred in January 1923, and the patient returned to the Clinie on July 23, 1923. The area 
was re-explored on July 25, 1923, and a layer of bone an eighth of an inch thick was encountered covering a 
cavity filled with “granulations”. The preserved material obtained from this operation consists in somewhat 


friable, fairly firm, granular tissue. Roentgen-ray therapy was used postoperatively. When last heard from, 


in 1936, the patient was in good health and had not suffered any further recurrence fy 

The original clinical diagnosis in this case had been subperiosteal hematoma. The ’ 

microscopic studies do not show the orderly trabeculae of osteoid ordinarily observed in 

heterotopic ossification, the nattern being instead that of a disorderly meaningless osteoid 

framework so characteristic ot all these lesions (Fig. 7-B). In addition, careful questioning ; 

did not uncover a history of trauma, nor was any systemic disease which might lead to a 

subperiosteal hemorrhage recognized. Even stronger evidence against this lesion being a ; 

hematoma was the fact that all the symptoms recurred after its incomplete removal. 
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Case 8. Photomicrograph (X 45, hematoxylin and eosin stain) showing the discrete edge of the 
lesion in the area where it borders on normal cancellous bone. 


Case. A sixteen-year-old white boy registered on August 31, 1927, 
pain in the small of the back for the previous two and a half years and aggravated by exertion. He had lost a 
Muscle spasm occurred on the left side, and 


complaining of gradually increasing 


‘considerable’ amount of weight during the previous year 
the right side of the upper lumbar region was tender to pressure. There was equivocal evidence of compression 


\ roentgenogram, no longer available for review, revealed a fairly 


of the spinal cord ind moderate scoliosis 
large osteoma arising from the third lumbar vertebra on the right side. The tumor was removed “entirely” 
cracking it off” and by curettage. It was found to involve the right transverse 
Curettage was continued until ‘solid 


on September 7, 1927, by 


process, the adjacent lamina, pedicle, and part of the vertebral body 


The pathologist's diagnosis was foreign-body giant-cell tumor. 


bone was encountered 
The patient was given two roentgen-ray treatments postoperatively. He experienced immediate relief 


and, when last heard from fourteen years later, he stated that he was in perfect health. 
The preserved specimen consists of a circumscribed, granular, somewhat friable mass in pieces which 


aggregated more than four centimeters in diameter. Parts of the tumor were moderately sclerotic. 


‘The gross and microscopic features of this tumor make it fall logically into the group 
being described. Some parts of the osteoid were moderately calcified, probably accounting 
for the roentgenographic diagnosis of osteoma. Ordinary osteoid osteomata also show 
varying degrees of calcification and hence show varying degrees of density in the roent- 
genograms. The surgeon noted in this case that the underlying cancellous bone of the 


vertebral body was denser than the tumor itself (Fig. 8). 


Case 9 A twenty-year-old white man came to the Clinic on February 25, 1935. He had had dull aching 
of increasing severity under the left scapula for eighteen months. For six months he had noted progressive 
sensory disturbances in the lower extremities. Examination revealed that, in addition to motor and sensory 


disturbances below the level of the third thoracic vertebra, he had a complete block of the cerebrospinal 


fluid 


9-A) showed irregular destruction involving the lamina and left transverse 


A roentgenogram (Fig 
An irregular mass involved the 


process of the third thoracic vertebra with small areas of increased density 


left side of the lamina of the third thoracic vertebra 
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Fig. 9-A 

Fig. 9-A: Case 9. The x-ray showed 
destruction and some calcification of 
parts of the third thoracic vertebra. 

"1G. 9- 

Fig. 9-B: sclerotic portion (X Fic. 9B 
125, hematoxylin and eosin stain) from the lesion, showing calcified osteoid trabeculae closely packed. 
Such areas were observed in parts of two tumors. 


At surgical exploration on March 4, 1935, a mass was found between the spinous processes of the third 
and fourth thoracic vertebrae. The vertebral body was involved and the spinal cord was compressed, Subtotal 
excision of the tumor was accomplished. Because of a diagnosis of osteosarcoma, postoperative roentgen-ray 
wions during the next three and one-half 


therapy was administered. The patient returned on several oce: 
a follow-up letter, in March 1949, that his 


years and was in excellent condition when last seen. He stated in 
health was good. 

The specimen, which aggregated 3.5 centimeters in diameter, 
lar, firm masses. The histological appearance, except for somewhat more patchy calcification, was charac- 


was composed of partially calcified, irregu- 


teristic of this group of cases (Fig. 9-B). 


Case 10. A boy, five years of age, was registered at the Clinic on January 15, 1951. He had been limping 
for three months. Examination revealed slight weakness and decreased deep reflexes of the left lower ex- 
Roentgenographic studies of the lumbar portion of the spinal column and pelvis did not reveal any 


tremity 
\ definite diagnosis was not made at this time. When he returned in August of the 


pathological condition 
same year he had the additional complaint of pain low in the back after walking and he could not run. In 
addition to the signs previously noted, tenderness was present on pressure over the lower lumbar portion of 
the spinal column. 

A roentgenogram (Fig. 10-A) showed evidence of a destructive process in the fifth lumbar vertebra 
which might be either inflammatory or neoplastic. 

At operation on August 30, 1951, a friable, soft, spongy mass was found to be replacing and bulging 
from the left portion of the body and the adjacent lateral mass and facet of the fifth lumbar vertebra. This 
was partially removed. When the patient was last heard from, in October 1952, his condition was good. The 
parents stated that all his symptoms were disappearing. 

The specimen consisted of slightly calcified, bloody, friable fragments, aggregating two centimeters in 
diameter. The microscopic sections showed again the predominance of osteoid trabeculae which were fairly 
broad in places (Fig. 10-B). Again the trabeculae were separated by vascular fibrous tissue containing occa- 


sional foreign-body giant cells 


Case 11, A white woman, twenty-four years of age, came to the Clinic on February 17, 1944, having 


had pain in the lower portion of the back with occasional attacks in the left lower quadrant of the abdomen 
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Fig. 10-A Pia. 
10-A: Case 10. The roentgenogram revealed a destructive process in the fifth lumbar vertebra 


hig 
and ite left pedicle 

Fig. 10-B: Photomicrograph (X 40, hematoxylin and eosin stain). The osteoid trabeculae were fairly 
\ fibrous-tissue component may be seen separating these trabeculae. 


broad in parts of this tumor 


Physical examination was non-contributory. A roentgenogram showed that the left pedicle of 


11-A). Laminectomy was performed on April 20, 1944, 


lor one 
the eleventh thoracic vertebra was indistinct (Fig 
and a tumor was found bulging from and destroying the pedicle of the vertebra. The tumor was completely 
It was granular and somewhat fibrous and the fragments aggregated two centimeters in diameter 
11-1). When last heard from, in February 1951, 


removed 
The same basi pattern was observed histologically (Fig 


she stated that she was not having any trouble 


COMMENT 


It is readily apparent that these tumors bear similarities to several other lesions. 


Osteoid osteoma, in our opinion, is the lesion they mimic most closely from the histological 
In five cases this resemblance was increased by the thickening and osteosclero- 


standpoint 
sis surrounding the lesion. In fact, in one case the tumor had been reported previously to 


be an unusually large osteoid osteoma.' In other reported series of osteoid osteomata, for 
example, Sherman's Case 1, examples of the type of tumor we are describing have been 


included. Several features serve to distinguish our tumors from ordinary osteoid osteoma. 


Among these are the much greater size, more marked vascularity, more orderly pattern of 
larger osteoid trabeculae, tendency to erode through the cortex, and the inconstancy of 
the surrounding bony sclerosis in the cases under discussion. Grossly these tumors have 


been softer and more hemorrhagic than the usual osteoid osteoma. These lesions may be 
basically osteoid osteomata, but they represent a special type lacking the biological proper- 


ties of restricted growth and the non-aggressiveness usually observed. It should be em- 


phasized that in our cases all the lesions showing sclerosis in surrounding areas were large. 


Histologically, they were the same as those without sclerosis. 
Aneurysmal bone cysts as described in detail by Lichtenstein * bear similarity to the 
lesions in our cases. He stated that in some areas surrounding these cysts osteoid prolifera- 
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Fig. 11-A 

Fig. 11-A: Case 11. In the roentgenogram, 

the left pedicle of the eleventh thoracic 
vertebra was indistinct. 

Fig. 11-B: Photomicrograph ( 70, hema- 

toxylin and eosin stain) showing a charac- 

teristic pattern from the same tumor. 


Fic. 11-B 


tion may be prominent, and the vascular stroma described in his cases is reminiscent of 
that in ours. In none of these cases, however, were there discrete cavernous vascular 
channels and blood pools of the type he depicted and described as ‘‘showing the essential 
cavernous character of the lesion”. Our own experience with aneurysmal bone cyst con- 
vinces us that it is distinctly different from the tumor under discussion. Microscopic 
sections from many areas in all eleven tumors revealed the proliferating osteoid tissue to 
be uniformly the most prominent component. In addition, pain was a much more signifi- 
cant clinical feature in cases of giant osteoid osteomata than in those of aneurysmal bone 


cysts. 
Osteogenic fibroma of bone, another tumor discussed by Lichtenstein *, seems, from 
his description, to contain all the elements found in the tumors which we studied. If the 
lesions are identical, we are of the opinion that the term “osteogenic fibroma” is an un- 
fortunate one, because the fibromatoid component is the least striking histopathological 


feature. 
Giant-cell tumor of bone is another tumor which may be confused with giant osteoid 


osteomata. In fact, in a discussion of primary giant-cell tumors of the vertebrae, Lewis, 


in 1924, included some cases which were almost certainly like those we are describing. It 
is probable that some of the atypical lesions or “ variants ”’ of giant-cell tumor mentioned 
in other publications are examples of the tumor which we call ‘giant osteoid osteoma’’, 
although inadequate histological descriptions have made it impossible to verify this point. 
In any event the tumors in our cases are distinctly different from giant-cell tumors. The 
prominent, plump spindle-cell stroma of giant-cell tumors is lacking. The sites of pre- 
dilection are different for the two types of tumors, giant osteoid osteomata occurring in 
any part of the bone. Finally, of course, the osteoid proliferation predominant in our cases 
is distinctly unlike the pattern of giant-cell tumor. 

a likely diagnosis for lesions such as these, but we 


Hemangioma may be considered 
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feel that the osteoid proliferation overshadows the vascularity and makes it of secondary 


importance 
The curability of these lesions, when treated by adequate curettage with or without 
subsequent irradiation therapy, attests to their benign behavior. One might ask whether 


they are in fact true neoplasms. The clinical course reported in these cases indicated that 


the lesions progressed in size until therapy was instituted. It is possible that these tumors 


are merely a reaction to some sort of injury or alteration in physiology, but this is pure 


conjecture. One can forestall the chance of an erroneous diagnosis of osteogenic sarcomata 


by merely insisting on cytological evidence of malignancy before making such a diagnosis. 


SUMMARY AND CONCLUSIONS 


We have discussed the pathological and clinical features in eleven examples of a dis- 


tinetive type of benign tumor of bone. These tumors are characterized by a prominent 


network of osteoid trabeculae showing varying degrees of calcification and a vascular 


stroma which fairly frequently contains benign giant cells and little fibrous tissue. Because 


of their histological features we feel that they most closely resemble osteoid osteomata. 
Their biological behavior indicates a distinct difference from this lesion, however, and we 


‘ 


suggest the designation “giant osteoid osteoma”’. 
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DISCUSSION 


PIPHYSEODESIS 


(Continued from page 555) 


With the three pegs inserted in tripedal fashion, the epiphyseal plate is well bridged. In the 250 eases which 


we have already reported there have been two failures; both occurred because the surgeon made the fenes- 


tration too far distally so that his pegs did not cross the epiphyseal line. These, of course, were obvious 


technic al failure s The re has been one chee mn which the pegs were absorbed. The reason for this was not 


clear to us; fractures may have occurred when the pegs were removed. Except for this case union occurred 


in all of these hips within three months and in some within two months. The process may be summarized as 


follows: healing takes place over a period of about eight weeks; the epiphyseal plate fuses, which requires 
about twelve weeks; and finally the epiphyseal line is completely obliterated and the pegs are incorpo- 


rated 
One other minor advantage of this method is that the pegs are visible in the roentgenograms, and we 


know where they have been placed. With very high operative standards, there has been no case of aseptic 


necrosis, This was surprising, because we had feared that there might be occasional aseptic necrosis. I realize, 


as Dr. MeCarroll suggested, that if an inexperienced surgeon operated upon a hip, handled his instrument 


carelessly, and gouged out a large amount from the capital epiphysis, or if he went through the articular sur- 


face of the head into the acetabulum, damage could be done and aseptic necrosis could be expected. | have 


heard a number of reports of aseptic necrosis after use of the nail, and I know that I am not always able to 


(Continued on page 654) 
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STRESS FRACTURES OF THE PUBIC RAMUS 


BY LIEUTENANT WALTER SELAKOVICH AND CAPTAIN LEON LOVE 


Medical Corps, United States Army Reserve 


From the Departments of Radiology and Orthopaedics, United States Army Hospital, 
Fort Leonard Wood, Missouri 


The occurrence of stress fractures at sites such as the metatarsals and tibiae in per- 
sonnel of military installations has been reported frequently, but literature regarding 
stress fractures of the inferior pubic ramus has been very sparse '**. These fractures 
have been reported, however, by military physicians who have had the opportunity to 


observe recruits undergoing rigorous infantry training. 


Fig. 1-A 

Case 1. Stress fracture of the right inferior 
pubic arch. 

Fig. 1-A: Roentgenogram showing irregular 
break in the right inferior pubie arch and moderate 
calcification. 

Fig. 1-B: Roentgenogram made two weeks later 
shows increase in calcification. 

Fig. 1-C: Roentgenogram made four weeks 
after Fig. 1-A. 


The precipitating factor is undoubt- 
edly the unusual physical activity in a 
formerly sedentary individual. The condi- 
tion is probably the result of unusual pull 
and strain of the adductors and the ham- 


string muscle groups with an associated Fic. 1-C 


adductor pull, more anteriorly, on the in- 
ferior pubic ramus. The recruits first notice pain in the inguinal, perineal, and adductor 
regions, bilaterally, with tenderness on palpation of the inferior pubic ramus. 

Clinical examination reveals moderate to severe pain in the region of the ischial 
tuberosity and inferior ramus of the pubis. Pain is aggravated by all motion which places 
stress on this area. As a result of this condition, the patient walks with a definite limp. 


During examination, moderate to deep pressure about the inferior pubic ramus is required to 
elicit the pain, which differentiates the condition from a bursitis in this area. ‘The pain in a 
stress fracture usually persists, diminishing gradually, for a period of four to six weeks, 
while pain in the traumatic fracture of the same region disappears in one to two weeks. 
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toentgenographic findings reveal a definite break in the continuity of the cortex. 


It is an irregular break in a vertical direction through both cortices, and there is calcifica- 
tion of a moderate degree surrounding the area. As healing progresses, the fracture fissure 
gradually diminishes and the calcification increases. 

It is important to bear this condition in mind as it may help to avoid making a mis- 
taken diagnosis of benign or malignant tumor and unnecessary surgical exploration. 


CASE REPORTS 


Case lL: A twenty-year-old white male, who had poor muscular development and a past history of little 
participation in sports or other activities requiring physical exertion, complained of pain in the right groin 
and perineal area after he had completed four weeks of infantry basic training. The pain had become pro- 
gressively severe and was aggravated by marching and exercises 

Physica! examination revealed tenderness on deep palpation of the right inferior pubie arch and ischial 
tuberosity area, which was accentuated by motion in all quadrants and which was most marked in flexion, 
adduction, and external rotation. A marked limp was noted with increased stress on the hamstring groups. 
Roentgenograms revealed a fracture of the inferior pubie arch with callus formation (Fig. 1-A). The patient 
walked with crutches for a period of four weeks and then used a cane for two weeks, with gradual disappear- 
ance of pain and limp 

Case 2: A white male, twenty-one 
years old, of asthenic build and poor mus- 
cular development had a history of seden- 
tary daily occupations; he engaged in no 
sports activity and in only minimal walk- 
ing or physical exertion. He complained of 
pain in the right perineum and groin for 
one week after having completed five 
weeks of infantry basic training. There 
was no history of direct or indirect trauma 
A limp began one week after symptoms 
occurred 

Physical examination revealed tender- 
ness about the ischial tuberosity and the 
inferior ramus of the pubis, aggravated by 
all types of motion in these regions. When 
the hip was put into flexion, abduction, 
and external rotation, pain was elicited. 

Roentgenograms revealed a fracture 
of the right inferior pubic arch (Fig. 2-A). 


Fie, 2-B 
é 


Initial roentgenogram of fracture. Fig. 2-B: Roentgenograms made three weeks later. 


Stress fracture of the right inferior pubic arch 


Roentgenogram made five weeks after Fig. 2-A 
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Fic. 4-B Fie. 4-C 
Fig. 3: Case 3. Stress fracture of the right inferior pubic arch. 
Fig. 4-A: Case 4. Roentgenogram shows fracture of the left inferior pubic arch 
Fig. 4-B: Three weeks later, the callus formation is sharply visible. 


Fig. 4-C: Roentgenogram after five weeks showed the fracture to be well healed 


Fig. 5-A 5-B 
Fig. 5-A: Case 5. This initial roentgenogram shows a stress fracture of the right inferior pubie arch 
Fig. 5-B: Roentgenogram made four weeks later, 
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The patient was assigned to limited duty, and there was gradua! diminution of pain with healing at the frac- 
ture site. The man used crutches for thirteen weeks and then a cane for three weeks more. 


Case 4: A white male, twenty-one vears old, was seen nine weeks after induction into military service; 


he first noticed pain after six weeks of training. It began after he had spent considerable periods of time on 


his feet, marching, running, or walking, during basic training. In civilian life he had had a sedentary position 


as a machinist; he had never participated in sports or other physical activities and had never done much 


walking 
Physical examination revealed severe pain in the perineal area, and he walked with a limp. Roentgeno- 


grams revealed a fracture of the inferior pubic arch (Fig. 3). The patient was allowed to walk, without weight- 
bearing. He used crutches for four weeks, when the pain had diminished and there was roentgenographic 


evidence of adequate callus formation at the fracture site. 


Case 4: A twenty-year-old white male noticed pain in the left groin after two and one-half months of 
basic training. It was first noted in the morning after a day of moderate muscular activity. The pain in the 


left perineum was aggravated by walking, running, and marching double-time. In civilian life he had had a 
sedentary occupation as a tractor mechanic. He had not participated in sports or in any activities requiring 


unusual physical exertion prior to entering military service 

Physical examination revealed moderately severe pain in the left perineum; the patient walked with a 
limp. Roentgenograms revealed a fracture of the left inferior pubie arch (Fig. 4-A). The use of crutches 
without weight-bearing for five weeks gradually brought diminution and subsidence of the pain and the 


limp 


Case 5: A white male, twenty-two years old, was gradually aware of increasing pain in the right 
perineal area after two and one-half months of basic training. This began gradually, but it increased to such 
a degree that walking or any other type of activity requiring the use of the lower extremities was very diffi- 
A moderate limp developed and the patient was placed on crutches. In civilian life the patient had been 


cult 
a bellboy and had done only light work. He had never participated in any sports and did very little walking 


or other exercises 
During the physical examination, deep pressure elicited severe pain in the right perineal area. The 


patient walked with a limp. Stress on the hamstring and adductor muscles caused pain. Roentgenograms re- 
vealed march fracture of the right inferior pubic arch (Figs. 5-A and 5-B). After four weeks on crutches 


without weight-bearing, the pain and limp had disappeared. 


SUMMARY 


The diagnosis of march fracture of the inferior pubic arch should be considered when- 
ever there is a history of unusual physical stress associated with complaints of pain in the 
perineum; roentgenographic evidence of a break in the continuity of the inferior pubic 


ramus and calcification about the site confirm the diagnosis. 
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FRACTURE HEALING AFTER FIXATION WITH STANDARD PLATES 
CONTACT SPLINTS, AND MEDULLARY NAILS 


AN EXPERIMENTAL Stupy * 


BY FRED C. REYNOLDS, M.D., AND J. ALBERT KEY, M.D., ST. LOUIS, MISSOURI 


From the Department of Surgery, Washington University School of Medicine, and 


The David P. Wohl, Jr., Memorial Hospital, St. Louis 


During recent years, when we have wished to apply internal fixation to the frag- 
ments of a transverse or short oblique fracture of the shaft of a long bone, we have used 
an Eggers plate! (internal contact splint) or a medullary nail; we have largely abandoned 


the use of the standard bone plate and of the dual plates. 

The occurrence of delayed union in fractures of long bones treated by open reduc- 
tion and internal fixation by means of a slotted (Eggers) plate, in several patients at about 
the same time, caused us to wonder whether or not there was any advantage in this 
method of fixation. When these patients were re-operated upon for bone-grafting, the 
plates were found to be solidly fixed by callus and connective tissues which had grown 
up through the slot and around the screws. It seemed likely that this had occurred fairly 
early in the healing phase of the fracture. The fragments were thus fixed to the plates and 
in this way any compression factor which may have been present was eliminated; more- 
over, in instances in which absorption had occurred, the fragments were held apart 


Fic. 1-A Fic, 1-B 

toentgenograms made nine weeks after application of a slotted plate on the left femur and a 
standard plate on the right femur. Infection was present on the side fixed with a slotted plate. 
New bone had partly covered the plate and solidly fixed it to the fragments, so that they could 
not slide together and close the gap which had resulted from non-union and infection, Union 
of the fracture was progressing satisfactorily on the non-infected side, to which the standard 
plate had been applied 


* Read at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia, June 
20, 1953. 
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Roentgenograms made nine weeks after application of a slotted plate on the left side and an 
intramedullary nail of the Lottes type on the right. The fracture on the right had been created 
too low and fixation was not adequate. Non-union and shortening with excessive callus re- 
sulted, while on the side treated with a slotted plate union progressed in a satisfactory manner. 


(Figs. l-A and 1-B). In addition we felt that, with the extremity immobilized in a cast 
without funetion, muscle tone would be lessened and would, therefore, not produce a 
very strong compressing force, and that function and even weight-bearing would have 
to be carried out early in the postoperative period in order to cause sliding together of 
the fragments on the plate. Consequently, we have asked ourselves: What is the most 
efficient form of internal fixation now available for the treatment of fracture of a long 
bone? 

An answer to this question might be ebtained from a clinical study in which a suffi- 
ciently large series of reasonably similar fractures were treated in rotation by each one of 
what we consider the best methods. We felt, however, that there would be so many 
variables that, eve: at the end of such a study, a true picture would be hard to obtain. 
Experimental material was more readily available; and it was believed that a more ac- 
curate comparison of the rate of healing, as well as of the incidence of complications, could 
be obtained in the laboratory than by clinical observations, although some of the condi- 
tions found to exist in the experimental animal might not be transposable to the human 
patient. Consequently, we have made a comparative study of fracture healing in which 
standard plates, slotted plates, and the intramedullary nail were used in an effort to 
determine which is the most efficient method. 

It was demonstrated by one of us® that bony union occurred more rapidly following 
an arthrodesis of the knee in which positive pressure was applied; such pressure was 
obtained by turnbuckles fastened to pins which were inserted transversely through the 
tibia and the femur, the turnbuckles being tightened from time to time. We have won- 
dered whether the unusually rapid union was caused by the positive pressure, more perfect 
immobilization and apposition, or a combination of these factors. 

Charnley and Baker demonstrated that positive pressure affects not only the rate 
but also the character of union between two surfaces of cancellous bone. In biopsy speci- 
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Fic. 3-B 

Roentgenographic appearance thirteen weeks after plating of the left femur and fixation of 
the right femur with an intramedullary nail. Adequate fixation was provided by the nail and 
union of the fracture was a little more advanced on that side, although both fractures showed 
solid union clinically after removal of the fixation devices. 


mens from patients operated upon for knee fusion they found that, with pressure of 
about twenty-five pounds per square inch, union was more rapid and the amount of 


callus very small. However, this has not been shown to be true of cortical bone. 

Kggers, Shindley, and Pomerat carried out experiments using the parietal bones of 
rats, in which pressure was obtained by rubber bands, and concluded that pressure 
stimulated union of these surgical fractures. They also believed that the amount of pres- 
sure must not be too little or union would not occur, and that it should not be excessive 
or non-union and necrosis of the bone surface would result. On the other hand, Ford, 
Lottes, and Key carried out an experiment using the ilium of dogs in which rib grafts 
were sprung into drill holes in the ilium, pressure being produced by the tension on the 
rib. These workers failed to find evidence that pressure accelerated union, as there was 
little difference between the group to which pressure had been applied and the group 
treated without pressure. 

More recently Friedenberg and French applied pressure to a surgical fracture of the 
ulna of dogs. They used a spring applied across the fracture site and held in place by an 
intramedullary wire. They found that pressures of from twelve to eighteen pounds re- 
sulted in union of the fracture, while with pressure of less than this amount or with pres- 
sure considerably greater (thirty to thirty-five pounds) the fragments failed to unite. 
This experiment was not ideal in that the circulation of the distal fragment may have 
been disturbed and the distal fragment, being detached, was deprived of function. Fur- 
thermore, the control side lacked adequate immobilization, so that it could not be ascer- 
tained whether union was stimulated by pressure or by better fixation. However, the 
failure of union in the group in which high pressure was used suggests that the response 
of cortical bone to pressure is different from that of cancellous bone. 
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Figs. 4-A and 4-B: Roent- 
genographic appearance * of 
specimens eight weeks after 
plating; mild infection was 
present on both sides. Marked 
new-bone formation about the 
end of each fragment was as- 
sociated with absorption at 
the fracture line and non- 
union on both sides. There 
was evidence of shortening on 
the side treated with a slotted 
plate, but the gap at the frac- 
ture site was about the same 
as that on the side treated 
with a standard plate 


Figs. 5-A and 5-B: Roent- 
genograms of specimens re- 
moved fourteen weeks after 
operation. The wounds were 
clean and no infection was 
present. The side treated with 
a slotted plate appeared solid 
clinically. However, the side 
treated with a nail revealed 
non-union with motion in all 
directions about the nail and, 
as demonstrated in the x-ray, 
there had been marked ter- 


Fic. 5-B minal erosion and shortening. 


It is well known that, when the continuity of a bone is disrupted so that a fracture 
results, an irregularly defined area about the damaged ends of the bone dies. Reduction 
of the fracture then results in dead bone being placed against dead bone. During the 


process of repair of the fracture this devitalized bone is absorbed and is replaced by living 


bone. This is accomplished both by terminal erosion and by creeping substitution. It has 
been reasoned that any type of fixation of the fracture which rigidly holds the fragments 
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dead bone is absorbed. The fracture fragments are then held apart and there may be 
delayed union or non-union. In order to provide a method of internal fixation of fractures 
which would prevent the fracture fragments from being held apart during this period of 
absorption, Eggers devised the slotted plate or contact splint which, if properly applied, 
would allow the fragments to slide together as absorption took place and eventually 
bring living bone into contact with living bone; in addition the process of union would 
be stimulated by pressure exerted on the fracture site by muscle pull. If it is true that 
union of the fractured fragments can occur only after the zone of devitalized bone has 
been absorbed, fixation by means of a rigid plate should result in a high incidence of non- 
union. We have felt that union of a fracture occurs through bridging of the fracture area 
by callus, so that union by bone may occur about the fracture, while reconstruction and 
remodeling continue for a long time after clinically solid union has been established, 
Furthermore, if the fragments are fixed in such a way that they may slide together as 
absorption occurs, one would expect shortening to occur. Eggers did not find evidence 
of shortening in experimental fractures fixed with the slotted plate when union occurred 
in a normal manner. 

In order to compare the healing of fractures treated by application of the Eggers 
plate with fractures treated by a standard plate and with fractures treated by an intra- 
medullary nail, it was necessary to study two groups of experimental animals. In the 
first group surgically created fractures of the shafts of both femora in dogs were fixed with 
an Eggers plate on one side and with a standard plate on the other. These animals were 
sacrificed at intervals and the femora were studied in order to determine the progress of 
union. In the second group, similar surgical fractures in the shafts of femora were created 
in dogs; on one side the fragments were fixed with an Eggers plate and on the other with 
an intramedullary nail of the Lottes type (Figs. 3-A and 3-B). These animals were also 
sacrificed at intervals after the operation and the femora were removed and studied, 
The findings in the first group of animals have been reported elsewhere,’ but, in order 
that the study may be as complete as possible, it is necessary that the results of the first 


study be included in this paper. 
MATERIALS AND METHODS 


Forty adult dogs were used and these were divided into two groups. They were 
operated upon under aseptic conditions, general anaesthesia being used, In the first group 
of nineteen dogs, one femur was exposed and divided transversely in the middle third 
with a Gigli saw; the fracture was reduced as accurately as possible; and the fragments 
were fixed with a standard steel plate with six screws. (As some of the standard plates 
bent, extra heavy plates were made and these were used on the last nine dogs.) The 
wound was closed with silk. The other femur was then operated upon in a similar manner 
and fixed with a stainless-steel Eggers plate with six screws. Here, the self-tapping stain- 
less-steel screws were first tightened and then backed out one full turn until the fragments 
could be pulled apart and pushed together without difficulty. The fragments were then 
pushed together and the wound was closed and covered with a collodion dressing. 

In the second group of twenty-one dogs, similar osteotomies of the femora were per- 
formed. The left femur was fixed with an Eggers plate and the opposite femur with a 
medullary nail. A heavy-cored, three-flanged nail, one-fourth inch in diameter, of the 
Lottes type was used. These nails were six inches long and were, therefore, cut off when 
medium-sized dogs were used. No external fixation was used and in a relatively short 
time most of the animals were moving about quite well, as the internal fixation which 
we used was strong enough to support full weight-bearing. 

At intervals of from seven to sixteen weeks the animals were sacrificed by lethal 
anaesthesia and the femora were removed and examined in the gross and by x-ray. After 
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TABLE I 


SumMMARY OF RESULTS IN THE OSTEOSYNTHESES OF Tairty Docs 


Group II 


Group I 


‘Time Standard Plate Kiggers Plate Plate Medullary Nail 
Infection Bony Union Infection 


(Weel Bony Union Infection Bony Union Infection Bony Union 


5 2+ 5+ 10 6 + 4+ 


to 


Tot V+ 6 


Keach plus sign indicates one femur united; each minus sign indicates one femur in which union did not 


the plate or nail had been removed, the bone was tested to determine whether the union 


was by bone or by fibrous tissue. The bones were then fixed in formalin, decalcified, and 


split longitudinally in order to observe the condition of the medullary canal and fracture 


site. Blocks which included the fracture site were removed and prepared for microscopic 


study 


OBSERVATIONS 


Because of severe infection, loss, or death, or from other causes, only fifteen animals 
in each group were available for study at the end of seven weeks or longer after the 
operation. The results of the treatment of the sixty osteotomized femora in these animals 
Table I 


are recorded in 


Gross Examination 


\s is noted in Table I, granuloma or infection was present about the fracture site in 


seventeen of the sixty femora. This occurred in spite of our efforts to prevent operative 


infection and in spite of antibiotic therapy in Group II. In all of these the wounds were 


well healed, and there was no pus. Cultures were not made, but granulation tissue was 


present around the fracture, so that we have classed these as cases of infection. How- 


ever, some of them may represent an inflammatory change as a result of motion and a 


foreign body at the fracture site. Study of the microscopic sections of these specimens did 
not reveal evidence of infection in most cases, although a few showed definite evidence of 
which this reaction was present did union by bone occur, al- 


infection, In no instance in 
though in many such instances a considerable amount of new bone had formed around 


the end of each fragment. All animals with infection or granuloma, therefore, were unfit 


for comparative study 
On comparison of the standard with the Eggers plate, bony union was not found to 


be present on either side in the seven-week or eight-week specimens. Bony union was 


present on both sides in one of the nine-week animals; in the other, bony union was pres- 


ent only on the side treated with the standard plate, while on the side treated with the 
Kggers plate the wound was infected (Figs. 1-A and 1-B). Of three animals sacrificed at 
two had union on both sides and one had union on the side treated with the 


ten weeks, 
standard plate but not on the side treated with the Eggers plate, in which a granuloma 


was present 
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Of the three animals in this group sacrificed at eleven weeks, the screws had pulled 
out in one and the femur was deformed, but both sides were united by bone. In one of 


the others, infection and fibrous union was present on the side treated with the standard 


plate, while bony union was present on the side treated with the Eggers plate. In the 


third animal only fibrous union was present on each side. 

In the animals sacrificed at twelve, thirteen, fourteen, and sixteen weeks, union by 
bone was present on both sides and there was little difference between them. It was our 
impression that in the animals sacrificed before the eleven-week interval, union, either 


by fibrous tissue or by bone, was slightly more advanced on the side treated with the 


Eggers plate. 

In the second group of animals, in which the Eggers plate is compared with the 
medullary nail, the incidence of infection or granuloma and non-union was unusually 
high. This was partly because, in order to accommodate the six-inch nail, unusually large 
dogs were selected and, while the nails appeared to fix the femora solidly when inserted, 
after about three or four weeks the dogs began to limp and did not use the limb treated 
with the nail. At autopsy it was found that in these the relatively small (quarter-inch) 
nail was loose in the medullary canal, and that the fragments could be moved to and fro 
as well as rotated upon one another (Figs. 2-A and 2-B). Where fixation was inadequate 
and false motion was present, the callus was apt to be excessive. In the later experiments 


in this group, smaller dogs were used and the nails were cut off to fit the shorter femora. 


In this second group there were six infections on the side treated with the plate and seven 
on the side treated with the nail, leaving only six dogs for comparative study. Of these, 
five of the femora on the side treated with the Eggers plate were solid and only three on 
the side treated with the nail were united by bone. There thus appears to be an advantage 
in favor of the slotted plate. However, it was our impression that, when the fragments 
were firmly fixed by the nail and no infection was present, union was almost the same on 
both sides (Figs. 3-A and 3-B). 


Roentgenographic Examination 


The presence or absence of union by bone as revealed by study of the roentgenograms 
agreed quite well with the findings noted on gross examination, except that the roent- 
genographic evidence tended to lag slightly behind the clinical evidence of union, since 


in two of the earlier specimens which had clinically solid union, bony union did not 


appear to be present in the roentgenogram. The x-rays also revealed differences in the 


firmness of union which were not detected on gross examination and, in four instances in 


the first series in which union was present on both sides, it appeared to be slightly more 
firm on the side treated with the Eggers plate than it was on the side treated with the 
standard plate. Where infection or false motion was present, the x-ray revealed the new 
bone around the ends of the fragments, as well as the absorption and failure of union 
(Figs. 4-A and 4-B). In most of the cases either with or without infection in which union 
failed to occur on the side treated with a slotted plate or a nail, the femur was shortened 


and the callus was excessive (Figs. 5-A and 5-B). 


Microscopic Examination 


Since no specimens were obtained less than seven weeks after the operation, the 
early phases of the healing of fractures of long bones will not be considered in this report. 


In almost all of the specimens there was the usual collar of new subperiosteal cancellous 


bone near the end of each fragment adjacent to the fracture; in this area the marrow 
canal was filled with cancellous bone, except in the specimens with medullary nailing in 
which the nail prevented the full development of the endosteal callus. 

In the earlier specimens (eight to eleven weeks) the external callus was quite large 


and consisted of connective tissue, cartilage, and cancellous bone. In specimens removed 
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Fig. 6: Low-power photomicrograph 
of one cortex of a specimen removed 
nine weeks after operation. The devital- 
ized ends of the fragments projected 
into a cystic cavity which appeared to 
be the result of a hematoma. There was 
no evidence of change along the cut 
surfaces, although extensive absorption 
and remodeling was taking place on 
either side and union was being secured 
by connective tissue, callus, and can- 
cellous bone on both the periosteal and 
endosteal surfaces. There was no infec- 
tion and this fracture was solid clini- 
cally. 


Fig. 7: Low-power photomicrograph 
of a specimen removed at ten weeks, in 
which there was a low-grade wound in- 
fection, showing extensive erosion of 
the cortex. 


the 


operation the external callus was 


twelve weeks or more after 


smaller and consisted of more ro- 


bust cancellous bone, while the 


connective tissue and cartilage had 


largely disappeared from the peri- 


osteal callus, from the area between 


the ends of the fragments, and 


from the medullary canals. These 
were filled with robust cancellous 
bone which united the two frag- 
ments. In the fractures fixed by a 
medullary nail which was large 
enough to fix the fragments firmly, 


the external callus tended to be 


smaller than in similar fractures 


fixed by plates. 
In some of the earlier speci- 


ria. 7 


mens eystlike cavities occupied the fracture site, sometimes extending entirely across it and 
surrounding the devitalized ends of the fragments. In these, union might not be present or 
might be effected by a massive external callus. The cavities contained some amorphous 


precipitate and apparently were the remains of old hematomata. When the end of a frag- 


ment projected into such a cavity and its surface was not covered by soft tissue, it re- 


mained inert and showed no evidence of absorption (Fig. 6). 

Ordinarily, however, the ends of the fragments were covered with soft tissue, newly 
formed appositional bone, and trabeculae which fused the cortices. They also presented 
evidence of absorption by osteoclasts and vascular connective tissue. This was not a grad- 


ual eating away of the devitalized end of the bone such as would tend to shorten it and, by 


removing the devitalized portion, bring the living bone ends into contact, but an extensive 
reconstruction of the bone ends which tended to convert the compact bone into a coarse 
cancellous structure. This was effected by irregular erosion of the subperiosteal and medul- 
lary surfaces and of the walls of the vascular canals in the bone. In those cases in which 


the end of the fragment was covered with vascular connective tissues, terminal erosion was 


present; this sometimes was quite extensive if infection was present (Fig. 7). 
In the fractures which were uniting, the formation of new appositional bone was the 


most striking feature. In the earlier specimens the bone ends were united by delicate 


trabeculae which sprang from the periosteal and endosteal callus and from the appositional 
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Fig. 8: Low-power photomicrograph of a specimen removed thirteen weeks after fixation with a slotted 
plate. Fusion by external callus was seen with remodeling and early union of the cortices by new-bone 
trabeculae. 

Fig. 9: Low-power photomicrograph of specimen removed thirteen weeks after fixation with an 
intramedullary nail. Fusion by external callus had taken place and there was advanced reconstruction 
and union of the fracture. Note the nail tract in the medullary canal. 


bone which covered the devitalized ends of the fragments. This appositional new bone 
appears to be formed in membrane and to arise from the periosteal and endosteal surfaces, 


creeping along and covering the surface of each fragment. Trabeculae spring from its 
surface and may fuse with similar trabeculae from the opposite fragment, or they may 
adhere to this fragment and thus unite the two. The appositional bone appears to cover 
and to adhere to or fuse with either living or devitalized bone. In the later specimens the 
trabeculae were more robust and the periosteal callus was less extensive (Fig. 8). The 
medullary canal was filled with newly formed cancellous bone which also united the two 


fragments. 

The microscopic picture as described above was seen in fractures fixed by the standard 
plate, the Eggers plate, or the medullary nail. Unless the section included the part of the 
nail tract which traversed the canal and lessened the medullary callus (Fig. 9), it was not 
possible to determine the method of fixation by microscopic examination. In no instance 
were the fragments seen to be in actual contact in the microscopic sections, but in many 
sections they were closely approximated and this seemed to favor early fusion by apposi- 
tional bone. 


DISCUSSION 


Gross, roentgenographic, and microscopic examinations of the specimens revealed 
very similar findings. In both Group I and Group IT, results seemed to be somewhat better 
with the contact splint. This was more marked in comparison with the medullary nail than 
in comparison with the standard plate. 

It is believed that the reasons for this are that: First, it was possible to get closer 
approximation of the fracture at the time of surgery by impaction of the fracture after the 
plate had been applied; second, the slotted plate by test as well as in practice is stronger 
than the standard plate and provides better fixation; and third, continued approximation 
of the fragments undoubtedly occurred upon weight-bearing on the side treated with the 
slotted plate during the first few weeks. 
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The advantage of the contact splint over the intramedullary nail as seen in these 
experiments reflects directly on the factor of immobilization. In the animals in which the 
nail was tight enough to provide adequate immobilization, there was a slight advantage on 
the nail side, but, where this was not true, non-union always developed on the side treated 
with the nail, while the side treated with the plate united. 

It is believed that approximation and continued immobilization of the bone ends, 
rather than pressure by itself, are the important factors and that, if the fragments are 
firmly impacted and firmly fixed with a standard plate, slotted plate, or an intramedullary 
nail, union will occur in approximately the same time. 

It is true that the devitalized ends of the fragments do not grow together and tend 
to be absorbed; when union occurs, this is usually accomplished by new periosteal and 
endosteal bone and is accompanied by erosion from within; in this way both the living and 
the devitalized bone are gradually reconstructed and replaced by new bone which tends 
eventually to form bone structure in accordance with Wolff’s law. Some of the devitalized 
bone may remain as part of the original bone structure or it may be incorporated in the new 
bone and persist long after the fracture has healed. We saw no evidence which led us to 
believe that fracture healing is accompanied by a gradual eating away of the ends of the 
fragments with telescoping of the extremity. 

However, if union fails to occur, the ends of the fragments may undergo rapid ab- 
sorption and may be held apart by the standard plate as absorption occurs, whereas the 
Kggers plate or the medullary nail should permit the fragments to slide together and close 
the gap. In some of our specimens in which infection and non-union occurred on the side 
treated either with the Eggers plate or with the medullary nail, the ends of the fragments 
were absorbed and the bone was shortened. In such instances the fragments fixed with the 
nail always were in closer contact than those fixed by either of the plates. We have ob- 
served clinically and experimentally that, if the Eggers plate had been in place for a few 
weeks (two weeks or longer), unless it had been loosened by infection, it was firmly fixed 
to each fragment by connective tissue or bone and it was no longer possible to slide the 
fragments back and forth on the plate. 

We still believe that complete immobilization and close apposition are the most 
important factors in the healing of a fracture of the shaft of a long bone. 

Whether or not pressure stimulates union of cortical bone is questionable. Here there 
are two broad surfaces of devitalized bone which tend to be covered by new appositional 
bone and fused by this new bone, as well as by periosteal and endosteal callus. Pressure 
sufficient to cause actual microscopic contact of the two surfaces could theoretically pre- 
vent them from being covered by new bone, because cells could not grow between the two 
ends. Whether or not pressure applied to the shaft will stimulate the production and 


ossification of periosteal and endosteal callus we do not know. 


SUMMARY 


When infection occurred, the fractures failed to unite and, within the time limits of 
this experiment, the picture presented was essentially the same regardless of the type of 
fixation used. In clean wounds in Group I, progress of union was about the same with both 
types of plates, with a slight advantage in favor of the Eggers plate. Although accurate 
measurements were not used, we did not see evidence of the fragments sliding on the 
plates after the callus had formed. With clean wounds in the second part of the experi- 
ment, progress of the union was ahead on the side treated with the Eggers plate except in 
those animals in which the nail fitted snugly and in these it was in favor of the nail. We do 
not feel that the medullary nail delays union, but rather that lack of fixation due to a 
poorly fitting nai! may delay union. Within the scope of this experiment it appears that 
fixation and apposition of the fractured fragments are more important in obtaining union 
than the pressure of weight-bearing. 
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DISCUSSION 


Dr. LeRoy C. Apporr, M.D., San Francisco, CALtrorniA: I am keenly interested, as | have been for 
a number of years, in the work on which Dr. Reynolds and Dr. Key based their paper on fracture healing 
after fixation with standard plates, contact splints, and medullary nails. In 1928, while Dr. Key and I were 
associated at the Shriners’ Hospital for Crippled Children in St. Louis, we secured union in patients with 
massive destruction of the head and neck of the femur by apposition of cancellous bone surfaces maintained 


by wide abduction in plaster. Dr. Key followed this by the use of pins and turnbuckles and secured very early 
union by compression of cancellous bone surfaces. At that time, Dr. Key felt that compression was the con- 
tributory factor in the production of early union. In view of their more recent experimental work, both 
Dr. Reynolds and Dr. Key are of the opinion that fixation of the fracture is far more important than any 
degree of compression which can be obtained. | have felt that compression of cancellous bone surfaces does 


something to hasten union. It may be, as Charnley stated, that the value of compression of cancellous bone 
surfaces lies in the interdigitation of the trabeculae with gradual diminishing of the space which must be 


filled in by bone. 

I should like to mention that Dr. Floyd Jergensen, one of my associates at the University of California 
School of Medicine, has been carrying on experimental work relative to fixation of fragments by means of 
one or several plates. He has secured union without opening the medullary canal, without removal of scar 
from between the bone ends, and without functional weight-bearing until both clinical examination and 
roentgenograms have indicated union. Recently, l asked him if he thought the plates with rigid fixation would 
bring about union of the fractures. He replied modestly that, at this time, he could not answer, but that he 
did not think the plates would do harm. 


Dr. GeorGe W. N. Eacers, GALveston, Texas: About the contact compression idea, Dr. Reynolds is cor- 
rect in stating that after a time one does not see any migration of the fractured ends of the shafts. We have 
measured a great many teleoroentgenograms of fractured femora and tibiae with a micrometer and, of those 


on which pressure was exerted, there was practically no change in length of the bone or any migration of 
fragments. We wondered about this for a bit until we examined our experimental work carefully, and you, 
too, will find that, where pressure is exerted, absorption and osteogenesis occur concurrently. I think that 


explains the fact which he mentioned. It is erroneous to get the idea that I hold that the bone is absorbed ; 


during any period of time. It is only absorbed and not replaced when the compression is absent. When the 


compression is present, osteogenesis and absorption are going on simultaneously. Now the second point in the 


healing of shaft fractures is this, the ends of the bone are dead. This dead bone does not unite. The shaft 


is a bony cylinder. It unites around the outer circumference and the medullary area. This is one argument 
against the intramedullary nail, which I won’t go into; but the intramedullary nail decreases medullary heal- 
ing, although it does compensate for this by longer stabilization of the fracture site. The last part of a shaft 


fracture to heal is that dead bone which is in apposition and which must be replaced. I think that there is 


no question about the fracture line; the compact bone in this area is the last to show complete osteogenetic 


repair. The bone which first maintains the structure is that new bone which is formed early, and under the 


forces of compression and contact it matures and stabilizes the fracture. Moreover, we have shown that 


replacement occurs at right angles to the lines of force, and that replacement explains a great many things 


in regard to the invasion of areas and also the progress of what is known as ‘“‘creeping substitution’’. This 


has to be looked into very carefully in order not to get some erroneous ideas about compression. 


Dr. Key (closing): If union occurs normally, the devitalized ends of the fragments are incorporated in 
the new bone (either membranous in origin or from the cartilaginous callus or from both) and no shortening 


occurs as a result of its resorption. The dead bone may persist for months or even years after the fracture has 
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AN EXPERIMENTAL STUDY OF THE EFFECT OF CORTISONE ON THE 
HEALING PROCESS AND TENSILE STRENGTH OF TENDONS *¢ 


BY RICHARD N. WRENN, M.D.**, J. LEONARD GOLDNER, M.D., AND JOSEPH L. MARKEE, PH.D., 


DURHAM, NORTH CAROLINA 


Krom Duke niversily School of Vedicine, Durham 


INTRODUCTION 


The process of tendon repair was deseribed with accuracy as far back as the 


seventeenth century '; the most extensive work was that of Mason and Shearon, who in 


1932 observed and recorded in detail the sequence of tendon healing in dogs. It is evident 
that tendon ends will heal if they are adequately approximated. A formidable problem, 


not yet solved, is the prevention of tendons from adhering during healing to the surround- 


ing tissues with a subsequent loss of gliding and function. 
Numerous materials have been used to limit the formation of peritendinous adhesions 


without interference with tendon healing. Among these materials have been metals °, 
catgut 7, cellophane ", polyethylene *, muscle, and fat. None of these have been satis- 


factory. Since the early reports of Ragan and his associates, there have been numerous 


articles in the literature which concern the effects of intramuscular injections of cortisone 


on the activity of mesenchymal! tissue, both in man and in experimental animals. The 


dosage of cortisone, mode of administration, species variability in reaction to cortisone, 
and the nutrition of the experimental subject have caused difficulty in arriving at specific, 
valid conclusions. However, it can be said that, in general, intramuscular injections of 


cortisone, when given in sufficient quantity, will suppress the fibroblastic reaction to 


injury in experimental animals. A recent article by Carstam described the effect of 


cortisone given intramuscularly on the formation of peritendinous adhesions in rabbits. 


He concluded that the quantity of adhesions was less when cortisone was used than when 


it was not used. There is nothing in the literature to indicate how cortisone administered 


intramuscularly affects tendon healing and peritendinous reaction after tendon injury 


or tendon suture in dogs. 
This study was undertaken to answer two questions: (1) Will cortisone prevent peri- 
tendinous fibrosis during tendon healing? (2) Will tendons heal with adequate function 


while cortisone is being administered? 


MATERIAL AND METHODS 


Dogs were chosen as experimental animals. The average weight was twelve kilo- 
grams and the average age was three years. The nutrition of all the animals was good. 
Both the control dogs and the dogs treated with cortisone ate well. The diet consisted of 
standard dog food, supplemented daily by ascorbie acid given intramuscularly. The 
quantity and kind of food used was sufficiently similar in both groups to eliminate nutri- 
tion as a variable factor Eosinophil counts, determination of urinary sugar, weight, and 
blood-pressure readings were not done. None of the dogs showed adverse side reactions 


Lo this dosage of cortisone, 

‘Twenty-one dogs were treated with cortisone. Each animal in this group received ten 
milligrams of cortisone per kilogram per day; this was given intramuscularly in two doses. 
The size of this dose was not considered excessive when compared with the dosage found 


in other experimental data 


* Read at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia, July 2, 
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Intraperitoneal sodium pentobarbital was used for anaesthesia. In dogs the heel cord 
can be separated easily into two distinet segments. In all of the dogs used in the experi- 


ment one segment of each Achilles tendon, as well as a flexor tendon in one forefoot, was 
sectioned. This provided a total of three tendons per dog for observation. In order to 


immobilize the extremities 
after tendon suture, plas- METHOD OF TENDON SUTURE 


ter-of-Paris reenforced with 


strips of aluminum = was 


used in conjunction with 


crossed, heavy Kirschner 
wires drilled through the 
joints above and below the 


suture line. Intramuscular 
MEDIUM BRAIDED 


injections of aqueous peni- STEEL WIRE 
cillin were given to each 


dog for seven days. Infec- 


tion about the tendon su- 


tures occurred in two con- 


trol animals which were 
not included in the final 


analysis. 


; Showing,method of tendon suture. Medium, braided steel wire was 

All surgery was done used as the suture material. The knot was tied in the distal segment 
with sterile technique. The of the severed tendon. The “pull-out” technique was not satisfactory 
» because the tendon ends could not be approximated adequately. The 
procedures were performed — wire was taken out by clipping of the knot and application of traction 
by the same persons and _ to the wire after the gross specimen had been removed. 


3 

Fig. 2: This gross specimen of a control tendon was obtained twenty-one days after the tendon and 
its sheath had been cut and immediately resutured. No cortisone was used. The suture line was filled 
with a dense fibrous tissue which was adequate to hold the tendon ends together, but which, on histo- 
logical examination, was found not to be mature. The tendon was densely adherent to the surrounding 
tissues which held the tendon segments immobile. 


Fig. 3: A twenty-one-day specimen of tendon treated with cortisone, The tendon had been cut twenty- 
one days prior to the time the specimen was removed from the extremity. Intramuscular injections of 
cortisone were given each day from the time of the tendon seetion until the animal was sacrificed. The 
peritendinous tissues were separated easily from the sutured tendon. There was close approximation of 
the suture line. The tendon sheath was slightly thickened. Very little granulation tissue or hemorrhage 
was present. Less dissection was necessary in exposing and removing this tendon from its bed than was 
needed for the same procedures in the control dogs. Upon movement of the foot, the tendon was seen to 
glide with minimal restriction. (Compare this with Fig. 2. 
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Pia. 4-A 

High-power view (* 67) taken at a distance of one centimeter from the suture line of a 
control tendon examined at twenty-one days. The periphery of the tendon is made up of a 
dense sheath, which is thick, with moderate cellularity, 


the operative technique was consistent throughout. The tendons were sectioned and 
sutured with medium, braided stainless-steel wire, either immediately or after one week 
(Fig. 1). At intervals of from one to six weeks after the tendon surgery, the dogs were 
sacrificed, the wounds were opened, and the tendons were photographed in situ. The suture 
line and the adjacent inch of tendon with its sheath and fibrous tissue were removed 
Hematoxylin and eosin and connective-tissue stains 


en bloc and examined histologically 
were used to prepare the sections. Twenty tendons were tested to determine the amount 


of weight in grams required to rupture each tendon at its suture line. 
Sixty-nine tendon sutures were done on twenty-three dogs. The animals were divided 


into three groups 
Group [| consisted of dogs receiving no cortisone. Twenty-two tendon sutures were 


completed in this group. Observations were made at seven, fourteen, twenty-one, twenty- 
eight, and forty-two days. The operations done within this group varied. Tendons were 


sectioned and after a seven-day delay were sutured. Scarification of the intact tendon and 


its sheath was done by vigorous scraping of the tendon. Also, tendon severance within 


the sheath, done by the puncture method, was performed without excision or destruction 


of the sheath 
Group IL included forty-seven tendon sutures in dogs receiving cortisone intramus- 


cularly. The operative technique used was the same as that in Group I. The time interval 
for examination of the tendons varied from seven to forty-two days. Delayed sutures, 
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High-power view (X 67) of a cortisone-treated tendon examined at twenty-one days, 
which shows the fibrils to be of the same density and maturity, but with a thin peritendi- 
nous covering. 


searification, and tendon severance within the sheath also were done in this group. In 
order to determine whether excessive fibrous-tissue proliferation would occur after with- 
drawal of cortisone, the drug was discontinued after seven, fourteen, or twenty-one days 
and a period of immobilization was maintained. 

Group III included twenty tendons chosen from Groups | and II. These were used to 
determine the strength of the tendons after they had been sutured and allowed to heal. 
Time intervals of seven, fourteen, and twenty-one days after tendon suture were chosen 
for examination. Parallel series were tested; these consisted of ten tendons treated with 
cortisone and ten tendons not treated with cortisone. 

Gross and microscopic examinations were made in each of the three groups. 


GROSS AND MICROSCOPIC EXAMINATION 


Photographs were taken before the delayed suture and at the time of autopsy. Find- 


ings noted particularly were: the presence or absence of infection, the ease with which the 
incision could be opened, the density and quantity of adhesions between the skin and the 
peritendinous tissue, the quantity of fibrous tissue surrounding the tendon, the condition 
of the suture line, the density and quantity of fibrous tissue between the underlying bone 
and the tendon sheath, and the state of regeneration of the tendon sheath. 

In specimens which were examined seven days after section of the tendon and its sheath 


the following difference was noted between the control tendons and the cortisone-treated 
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ated with cortisone 


The suture line is not so dense as that of the 


ls are haphazard and are not lined up like those in the c« 
Both specimens show evidence of a good fibroblastic response, 


after resuture. 


t 


AVS 


High-power view (X 64) of a cortisone-treated tendon which was observed 


although the maturity of the fibrous tissue in the tendon tre 


is less than that in the control tendon. 


control tend¢ 


twenty-one d 
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I he spec 
lence of a good fibrobla stic response 


initial suture. 


The area between the tend 
These are lined up regularly and show evic 


secondary to injury 


High-power view (X 67) shows the suture line of a 


severed and then was resutured immediately, 


one days after the 
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Fig. 6-A: Photograph of a control tendon examined 
twenty-eight days after initial surgery. Seven days elapsed 
from the time of cutting the tendon to the time when the 
tendon was sutured. Cortisone was not given. At the time 
the gross specimen was removed, no motion of this tendon 
was present. The tendon was not well delineated from the 
subcutaneous tissue or the tissues covering the bone. Fur- 
thermore, the approximation of the cut ends of the tendon 
after the seven-day delay period was more difficult than the 
primary suture. This specimen showed more peritendinous 
fibrosis after twenty-eight days than did the specimen 
which was cut, resutured immediately, and observed for 
twenty-eight days. 


Fig. 6-B: Photograph of a twenty-eight-day specimen for 
which the same routine was carried out as that used on the 
specimen seen in Fig. 6-A, except that cortisone was ad- 
ministered to this dog during the twenty-one days following 
the delayed suture. A delay of seven days occurred following 
the initial cutting of the tendon and, during this time, no 
cortisone was given. The tendon was easily uncovered at 
the time it was removed from the extremity. The suture line 
was strong and the fibrous tissue between the tendon ends 
was holding them firmly. Gliding was present to a greater 
extent than in the control specimen. 


Fig. 6-C: Photograph of a specimen from a dog treated 
with cortisone. The tendon was cut and a delay period of 
seven days was allowed to elapse before suture. During this 
seven-day interval, as well as during the twenty-one-day 
healing period, the dog received cortisone. This tendon was 
loose in its bed and surrounded by a thin covering of fibrous 
tissue. The delayed primary suture was easier to perform 
than in the animals in which no cortisone had been admin- 
istered. Firm immature union occurred during the twenty- 
one-day healing period, despite the use of cortisone. Fig. 6-C 


tendons: The severed ends of the control tendons were bulbous and adherent to the sur- 
rounding tissue. There was proliferation of fibrous tissue in the space between the retracted 
ends. The tendon segments were adherent to the superficial fascia. If the severance had 
been performed within the tendon sheath by the puncture method, less fibrous reaction 
occurred even in the seven-day interval. The cortisone-treated tendons showed a minimal 


quantity of fibrous tissue between the separated ends. The ends were distinct and smooth, 
with little oedema. The overlying and surrounding tissues could be separated easily from 


the tendons. 
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Fig. 7-A: Gross specimen of a tendon which had been sectioned and resutured immediately; this was 
followed by treatment with cortisone for twenty-one days and without cortisone or immobilization for 
an additional twenty-one days. Moderate fibrosis was present, but the tendon was clearly delineated and 
moved when the distal portion of the extremity was moved 

Fig. 7-B: Gross specimen of a control tendon observed for forty-two days. No cortisone was used dur- 
ing the entire period, Immobilization after suture was carried out for the first twenty-one days and active 
motion was allowed for the last twenty-one davs. The tendon had lost its identity; it was firmly bound to 
the subcutaneous tissue and there was no gliding when the distal portion of the extremity was moved. 
The microscopic sections showed a dense proliferative sheath surrounding the tendon. 


Fie. 7-C 
Low-power view ( 6.5) of the specimen shown in Fig. 7-A. Continuity of the tendon has been re- 
established. The suture line is not surrounded by an abundance of peritendinous tissue but is made 


up of fibrocytes and fibrils 


At twenty-one days, the control tendons which had been cut and immediately resu- 
tured were surrounded by a dense, firm, adherent mass of fibrous tissue. In no instance 
in the control series were the tendons clearly delineated and the peritendinous tissues were 
not easily separated from the surrounding deep and superficial tissues. Figure 2 shows 
the suture line filled with fibrous tissue and an abundant amount of peritendinous con- 
nective tissue. In another control animal the excised gross specimen illustrated the con- 
tinuity of the tendon end. The fibrous tissue, although holding the tendon ends, was 


found not to be mature on histological examination. When one specimen was stripped 
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TENDON NUMBER 


Cuart I 


Graphic representation comparing the strength of the sutured tendons in both the control tendons 
and the tendons treated with cortisone. The numbers listed horizontally refer to the specimen number 


and do not indicate the number of tendons in each group. 

The tensile strength in general reflected the fact that healing occurred in spite of the cortisone and 
that, after a six-week period had elapsed, solid union was present regardless of the use of cortisone. 
Tensile strength was usually greater when cortisone had not been used. 


of all peritendinous tissue, the incomplete end-to-end healing was evident. It was the 
peritendinous tissue which added strength. 

The cortisone-treated specimens examined at twenty-one days (Fig. 3) showed ade- 
quate healing of the skin and less fibrous tissue around the tendons than the controls. 
Those adhesions which did occur were not so firmly connected to the surrounding tissues 
as were those in the control specimens. The specimen in Figure 3 shows the suture line 
in the smooth heel cord with a minimal amount of hemorrhage and little granulation 
tissue. Less dissection was required to expose this cortisone-treated tendon than to expose 
the control tendon. Tendon healing had also occurred in the latter. By gross examination 
healing appeared to be present both in the tendons treated with cortisone and in the 
control tendons. 

Histological examination of the specimens examined at twenty-one days verified the 
gross evaluation. A low-power view of the suture line of a control tendon examined at 
twenty-one days showed the tendon sheath to be wide; the suture line was filled with 
dense fibroblasts, but continuity was not complete between the mature fibrils of the tendon 
ends. This coincided with the appearance of the tendons illustrated in the work of Mason 
and Shearon. Microscopic examination of a tendon treated with cortisone showed that 
the suture line was filled with fibrous tissue similar to that seen in the control specimen, 
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Fig. 8-A Fic. 8-B 

Fig. 8A: Gross specimen of a tendon which was scraped and injured locally but not cut. Cortisone was 
administered to this dog for twenty-one days. The appearance after treatment with cortisone shows the 
tendon to be well demarcated from the surrounding tissue; the tendon sheath was easily located and 
showed no evidence of regeneration. The tendon could glide easily 

Fig. 8-B: Specimen of a searified tendon examined at the end of twenty-one days, during which time no 
cortisone was used (compare with Fig. 8-A). The surrounding fibrous tissue was dense and was strongly 
adherent to the subcutaneous tissue. The tendon sheath could not be identified. 


Fig. &-C 
(See page 597) 
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Fig. &-C: Low-power view ( 6.6) of the searified tendon which was treated with cortisone for 


twenty-one days. The tendon sheath is thin and there is very little adherent peritendinous tissue. The 
cross section is shown above and the longitudinal section below. 


Fic, 8-D 
Low-power view (X 6.6) of gross specimen seen in Fig. 8-B. The fibrous tissue surrounding the tendon 
sheath is thick and adherent. (Compare with Fig. 8-C.) 


and both showed evidence of end-to-end union. The periphery of the tendon treated with 
cortisone did not show the thick band of fibrous tissue seen in the control. 

Sections taken one centimeter from the suture line of the control tendon examined at 
twenty-one days (Fig. 4-A) show the longitudinal fibers, as well as the well organized, 
densely adherent sheath, which is much more cellular than the central portion of the 
tendon. Several capillaries are evident throughout this field. The section taken from 
the corresponding site in a tendon treated with cortisone (Fig. 4-B) shows about the same 
amount of cellularity and vascularity, but the thickness of the peripheral tissues is much 
less than in the control tendon. A high-power view of the suture line of the control tendon 
(Fig. 5-A) when compared with that of the cortisone-treated tendon shows a. slightly 
different histological appearance. The suture line in the control is filled with mature, 
elongated fibroblasts which are in parallel alignment with the tendon fibrils. The 


fibrous tissue in the cortisone-treated tendon (Fig. 5-B) is less mature and has 


not yet assumed a parallel arrangement. Both show evidence of a good fibroblastic 
response consistent with the usual healing process, but the maturity of the fibrous tissues 


between the tendon ends is less in the specimens treated with cortisone than in the 
controls. 
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When a seven-day delay 


Hinge ° period had elapsed between 
CLAMP the severance of the tendon 
and its repair, the specimen 


Movable Sleeve 
examined after twenty-one 
days of healing without corti- 
sone (Fig. 6-A) showed more 
fibrous-tissue response and 


TENDON (4 Suture Line 


less delineation of the tendon 
Steel Upright — 


ve Dio. than was present in the con- 


trol in which there was no 
delay. This tendon after 
twenty-one days of healing 


inflexible Wire was void of any cleavage 


(fs Ole plane. The subcutaneous and 


deeper tissues down to the 


Wot. Pan 
U, and Guides 


bone formed a dense coales- 
cent mass; this massive fibro- 
sis eliminated gliding. Approx- 
imation of the tendon ends 
after a seven-day delay was 
much more difficult than a 
primary suture. Granulation 
tissue buried the tendon ends, 
which were bulbous, friable, 
and difficult to pull together. 

The tendons treated with 
Pic. 9 cortisone (Fig. 6-B) which 


Apparatus used for determining tensile strength of the tendon were observed twenty-one davs 
after resuture in both the control tendons and the tendons treated : ; 
with cortisone. The strength of the suture line’ was determined in 
grams. The circumference of the tendons was taken into considera- ing which no cortisone was 
tion. The tendon and its peritendinous tissue were removed intact 
from the extremity at the time the animals were sacrificed. 


TENDON STRENGTH APPARATUS 


after a seven-day delay, dur- 


used, were more readily ex- 
posed than the control ten- 
dons. The suture line was intact and the tissue between the tendon ends was firmly hold- 
ing the tendon segments. A moderate amount of aberrant granulation tissue was present. 
More peritendinous reaction was present in this tendon than in the specimens which were 
sutured immediately and had received cortisone for twenty-one days. 

A tendon treated with cortisone which was sutured seven days after its severance and 
was allowed to heal for twenty-one days (Fig. 6-C) was loose in its bed and surrounded by 
a thin covering of fibrous tissue. When cortisone was used during the seven-day waiting 
period before suture, the specimen examined at twenty-eight days showed less adherence 
of the tendon to the skin and deeper tissues than the specimens for which cortisone was 
not used during the seven-day delay. Moreover, at the time of the delayed primary suture, 
when the tendon had already been severed for seven days, the suture was performed easily 
in the group of dogs which had received cortisone. The group which had not received 
cortisone already had limitation of the excursion, a wider segment to bridge, and in gen- 
eral a tendon with little, if any, gliding. 

In summary, at the end of twenty-eight days the control tendons which had had 
a seven-day delay formed a coalescent, dense, adherent, fibrous mass. The tendons which 
had had a seven-day delay without cortisone followed by twenty-one days with cortisone 
showed less fibrous tissue than the control tendons but more than the cortisone-treated 
specimens delayed for seven days, sutured, and immobilized for twenty-one days. The 
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Fig. 10-A Fia. 10-B 


Fig. 10-A: This twenty-one-day specimen shows a tendon which was wrapped with gelfoam for 
tection after the tendon had been cut and resutured immediately. The peritendinous adhesions were 
less dense than those in the control tendon, but more dense than those seen in the tendons treated with 


pro- 


cortisone, 

Fig. 10-B: Gelfilm, which is more firm, thinner, and more difficult to handle than gelfoam, was placed 
around this twenty-one-day specimen at the time of resuture. Again, the gelatin material acted as a pro- 
tector for the tendon in that the adhesions between the tendon and the surrounding tissues were not 


dense and allowed the tendon a better area for gliding. 
Healing oecurred in spite of the presence of gelfilm or gelfoam. 


latter group showed fewer adhesions than any of the others. Healing of the tendons was 
adequate, as is shown in Chart I. 

In order to determine whether or not excessive fibroblastic response occurred when 
cortisone was discontinued, it was necessary to administer cortisone for certain periods 
of time, discontinue it, and then allow a period of time to elapse before autopsy. In one 
specimen, in which a seven-day delay period had been followed by a seven-day period of 
treatment with cortisone, the sutured tendon was found to be surrounded by very little 
connective tissue. After fourteen days, partial healing had occurred; excessive proliferation 
of fibrous tissue did not take place during the last seven days, when cortisone was discon- 
tinued. A microscopic section of the fourteen-day specimen revealed moderate hemor- 
rhage, accompanied by immature fibroblasts with very little indication of excessive peri- 
tendinous adhesions. The suture line showed granulation tissue, but the cells were im- 
mature, small, and not particularly abundant. Another section illustrated the delay in 
regeneration of the tendon sheath in a specimen treated for one week with cortisone 
and one week without. Tendon sutures which were observed for forty-two days (Hig. 
7-A) showed that three weeks with cortisone followed by three weeks without cortisone 
and without immobilization did not result in an excessive proliferation of fibrous tissue 
(Fig. 7-C). The fibrous tissue which did occur was soft and was not densely adherent to the 
skin. The control specimen (Fig. 7-B) at the end of a similar six-week period showed a 
mass of dense, diffuse connective tissue without distinct cleavage planes which was firmly 
adherent to the subcutaneous tissue and deeper structures. 

Several specimens in which the tendon sheath had been completely destroyed and in 
which the tendon had been scearified but left intact were examined at twenty-one days. Fig- 
ure 8-A represents the gross appearance. The sheath is intact proximally and its margins 
are well delineated. The microscopic section (Fig. 8-C) shows the appearance of the tendon 
treated with cortisone; little regeneration of the tendon sheath is evident and there is mini- 
mal peritendinous fibrosis in the cross section above and the longitudinal section below, The 
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control tendon (Fig. 8-B) shows an abundance 
of peritendinous tissue and extensive adhesions 
to the subcutaneous areas and to the tendon 
proper. The microscopic specimen (Fig. 8-D) 
of the control illustrates the thick periten- 
dinous reaction as seen in the cross section 


above and the longitudinal preparation below. 


TENDON STRENGTH 
In order to compare the tendon strength 
of the tendons treated with cortisone and those 
treated without cortisone, each tendon to be 
tested was excised with its suture line and 
placed in the tension apparatus (Fig. 9). 
Weights were added until the tendons sepa- 
rated at the line of suture. Chart I shows the 
relationship between the control tendons and 
the tendons treated with cortisone at inter- 
vals of seven, fourteen, and twenty-one days. 


This specimen was removed after the dog had 
received intravenous pyromen, two micrograms 
each day for twenty-one days. The quantity of peritendinous tissue was usually included with 
fibrosis was less than that seen in thecontrol group the tendon because it was difficult to remove 
and the specimen resembled a tendon treated with — 

cortisone. The suture line was well delineated. it without damaging the suture line. This 
Phe peritendinous tissue was thin and the tendon difficulty was noticed particularly when corti- 
was smooth. Gliding took place easily 


In testing for the breaking point, the 


sone had not been used. The tension experi- 
ments indicated that at the same number of days the average strength of the controls was 
forty per cent, greater than that of the cortisone-treated tendons (Chart 1). The average 
breaking point of the control tendons was at 3,950 grams and that of the tendons treated 
with cortisone was at 2,400 grams. 


OTHER LOCAL AND SYSTEMIC THERAPY 


Gelfoam or Ge Lfilm 


The administration of a substance which affects the entire body when only a local 
tissue change is desired has certain disadvantages. Since gelfoam and gelfilm*!® are known 
to limit fibrous-tissue formation, these substances were implanted around six tendons at 
the time of suture. Figure 10-A shows a twenty-one-day specimen which had been wrapped 
with gelfoam. The peritendinous tissue was easily separated from the tendon and the 
adhesions were less in quantity and density than in the twenty-one day control. Figure 
10-B is a twenty-one-day tendon which had been encased in gelfilm at the time of suture. 
This material was difficult to handle, but satisfactory protection of the tendon segments 
was possible. At autopsy the tendons were smooth and resembled several of the tendons 
treated with cortisone. Neither the gelfoam nor the gelfilm were completely absorbed at 
twenty-one days. In one animal in which cortisone had been given intramuscularly in 
conjunction with the gelfoam, there was a small quantity of fibrous tissue, but there were 
no noticeable peritendinous adhesions in the areas where gelfoam had beef used. 


Pyromen 

This is a non-protein bacterial derivative, compounded mainly of a complex poly- 
saccharide which affects the pituitary-adrenal system. It has revealed some ACTH-like 
effects. One dog was given intravenous injections of pyromen, two micrograms each day 
for twenty days. Immobilization was carried out during the period of tendon healing. The 
dog exhibited a febrile reaction each day while the drug was being used. Examination at 
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twenty-one days showed less fibrous tissue than was present in the control group (Fig. 11). 
The specimens resembled the tendons treated with cortisone. The tendon was smooth, its 
suture line was healing, and there was a minimum of peritendinous adhesions. 


CONCLUSIONS 


1. The daily administration to dogs of ten milligrams of cortisone per kilogram of 
body weight inhibited excessive formation of peritendinous fibrous tissue. 
2. Cortisone administered during the waiting period prior to the delayed suture 
made approximation of the tendon ends easier than in the control group. 
3. The administration of cortisone to dogs in which tendons had been severed and 
resutured did not prevent end-to-end healing of the tendons. 
4. Regeneration of the tendon sheath was delayed during the administration of 
cortisone. 
5. The breaking point of a sutured tendon treated with cortisone was consistently less 
than in the control tendons. Although the tendons treated with cortisone were 40 per cent. 
weaker than the controls, healing in both was adequate for function. 
6. Gelfilm and gelfoam used locally diminished the peritendinous adhesions during 
healing of sutured tendons in dogs. 
7. Pyromen administered intravenously to dogs diminished the quantity of fibrous 
tissue around healing tendons. 
Nore: The cortisone used in this study was provided in part by Merck and Co., Inc. The pyromen was 
provided by Baxter Laboratories. 
REFERENCES 
1. Aurnor UNKNowN. The History of Tendon Suture. /n Historical Medicine. Med. J. and Ree., 127: 
156-157, 213-215, 1928. 

2. Carstam, Nivs: Prevention of experimental Tendon Adhesions by Cortisone. A Preliminary Report. 
Acta Orthop. Scandinavica, 22: 15-24, 1952. 

3. Corre.t, J. T., and Vanperpoe., J. C.: Biologic Absorption of Insolubilized Gelatin Films. Proc. Soe. 
Exper. Biol. and Med., 71: 134-136, 1949. 

1. Gonzaces, R. L.: Experimental Tendon Repair within the Flexor Tunnels: Use of Polyethylene Tubes for 
Improvement of Functional Results in the Dog. Surgery, 26: 181-198, 1949. 

5. Grant, Gorvon: The Effect of Cortisone on Healing of Tendons in Rabbits. (Abstract of paper not 
published in full.) J. Bone and Joint Surg., 35-A: 525, Apr. 1953. 


6. Key, J. A.; Opeis, R. T.; and Tayvor, L. W.: Failure of Cortisone to Delay or to Prevent the Healing 
of Fractures in Rats. J. Bone and Joint Surg., 34-A: 665-675, July 1952. 
7. Marswauy, G. D.: Prevention of Adhesions to Tendons in the Hand and Wrist. With Report of Two 


Cases. J. Bone and Joint Surg., 10: 816-818, Oct. 1928. 

8. Mason, M. L., and Suearon, C. G.: The Process of Tendon Repair. An Experimental Study of Tendon 
Suture and Tendon Graft. Arch. Surg., 25: 615-692, 1932. 

9. McKeeg, G. K.: Metal Anastomosis Tubes in Tendon Suture. Lancet, 1: 659-660, 1945 

10. Packarp, D. J., and Jenkins, H. P.: Experimental Studies on the Properties of Gelatin Powder and 
Gelatin Film. Jn Surgical Forum, American College of Surgeons, 1950, pp. 429-433. Philadelphia, W. B. 
Saunders Co., 1950. 

11. RaGan, Howes, L.; Prorz, C. M.; Meyer, Karu; and Buun, J. W.: Effect of Cortisone 
on Production of Granulation Tissue in the Rabbit. Proc. Soc. Exper. Biol. and Med., 72: 718-721, 1949. 

12. Wueevpon, Tuomas: The Use of Cellophane as a Permanent Tendon Sheath. J. Bone and Joint Surg., 
21: 393-396, Apr. 1939. 

13. Winnie, W. F., and CuampBers, W. W.: Regeneration in the Spinal Cord of the Cat and Dog. J. Compar. 

Neurol., 93: 241-257, 1950. 


VOL, 36-A, NO, 3, JUNE 1954 


| 


THE USE OF HYDROCORTISONE ACETATE (COMPOUND F ACETATE) IN 
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Injection of hydrocortisone acetate (compound F acetate) into joints, bursae, and 
other body cavities and tissues produces a temporary local antirheumatic or anti-inflam- 
matory effect. This was described in 1951 by Hollander and his associates 7 in cases of 
rheumatoid arthritis, acute traumatic arthritis, acute gouty arthritis, bursitis, and the 
arthritis and pleurisy associated with lupus erythematosus. Similar results have been re- 
ported subsequently by other investigators '~* *-". This local effect is more than simple 
analgesia, because studies of the synovial fluid from rheumatoid joints reveal a decrease in 
the number of neutrophils, a decrease in temperature of the joint, and an increase in the 
viscosity of the synovial fluid after the intra-articular injection of hydrocortisone acetate. 

Cortisone, on the other hand, has exhibited an inconsistent local antirheumatic 
effect when it is injected intra-articularly; in fact, Hollander and his associates reported 
that the intra-articular injection of fifty to sixty milligrams of cortisone in some instances 
led to local irritation 

PRESENT STUDY 

The purpose of this review has been to evaluate the clinical results of the intra- 
articular injection of hydrocortisone acetate in the treatment of certain of the arthritides, 
bursitis, and epicondylitis (tennis elbow). 

In this series, 690 injections of hydrocortisone acetate were given to 241 patients 
without significant untoward reactions or complications. Two or more joints have been 
injected frequently at the same time in treatment of the arthritides. All injections were 
done under aseptic conditions after surgical preparation of the skin and sterile draping of 
the part involved. Local anaesthesia was used in our series for a fourth of the injections; 
in a few instances, thiopental sodium (pentothal) was administered intravenously to in- 
duce general anaesthesia, particularly in apprehensive or uncooperative patients for 


whom removal of specimens of synovial membrane for biopsy was also planned. 


RHEUMATOID ARTHRITIS 

Hydrocortisone acetate was injected into 521 joints and two bursae of 148 patients 
who had rheumatoid arthritis. The following numbers of injections were made: knee, 
448; ankle, thirty; hip, sixteen; elbow, sixteen; shoulder, five; interphalangeal joint, 
four; wrist, two; and the olecranon bursa, two. The general activity of the rheumatoid 


process was considered mild in fourteen patients, moderate in seventy-two, and severe 


in sixty-two. Roentgenograms of selected joints revealed no significant changes in twenty- 
nine patients, osteoporosis in seventeen, and destructive changes in 102. 

Evaluation of improvement after injections took into consideration not only changes 
in subjective complaints, such as pain, stiffness, and functional impairment, but also 
changes in objective signs, such as swelling, tenderness, redness, warmth, and range of 

* Read at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia, July 
2, 1953 
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motion of the joints. The degree of improvement was termed “marked” if 75 to 100 per 
cent. relief was obtained, ‘‘moderate” if 50 to 74 per cent. relief was obtained, and“ mild”’ 
if 25 to 49 per cent. relief was noted. Improvement of less than 25 per cent. was not 


considered significant. 


Results 

The first manifestations of improvement, which usually were decreased pain and 
stiffness, took place within the first twelve or twenty-four hours after injection. Objective 
signs of improvement, such as decreased tenderness, swelling, redness, warmth, and in- 
creased range of motion, generally followed subjective signs of improvement within a few 
hours. Improvement in some patients could be noted within an hour or two, even in 
patients who had not received an anaesthetic agent. Only rarely was the onset of improve- 
ment delayed beyond twenty-four hours and in no instance beyond forty-eight hours. 

Marked improvement was noted in the condition of 49 per cent. of the injected 
joints; the improvement was moderate in 35 per cent., mild in 13 per cent., and insigni- 
ficant in 3 per cent. This antirheumatic effect persisted for two to eight days after the 
majority (78 per cent.) of the injections and for nine to twenty-one days in some (12 per 
cent.). A small number of injections (7 per cent.) were followed by improvement lasting 
more than twenty-one days; these remissions lasted several months in some instances. 
Evidence of concurrent improvement in the general status of the rheumatoid arthritis, 
either spontaneous or induced by general measures of treatment, was present in almost 
all instances of such prolonged remissions and in most instances in which the improve- 
ment lasted for more than eight to ten days. 

The local effect persisted for less than two days after 3 per cent. of the injections. 
Trauma caused by excessive use of the injected joint appeared responsible in some of 
these cases for the rapid recurrence of symptoms; the cause of the relatively short duration 
of effect in others was not apparent, but it did not appear to be related to worsening 
of the general condition of the patients. Although the dosage of hydrocortisone acetate 
in this series varied from 12.5 to 100 milligrams, it would appear that in most instances 
37.5 milligrams was adequate in medium-sized or large joints, whereas doses of 12.5 to 
25 milligrams were sufficient in smaller joints. No appreciable additional benefit was 
derived from larger doses in most instances, but they did not preduce local irritation. 
The effect of large doses appeared to be greater or more prolonged in only a few instances. 


Cortisone and Corticotropin 

Cortisone was being used orally in 39 per cent. of these patients and corticotropin 
was being given to one patient when the intra-articular injections of hydrocortisone 
acetate were performed. This oral treatment influenced the results of the injections 


only in that patients whose arthritis was generally under good control tended to have 
a somewhat more prolonged benefit from the injection of hydrocortisone acetate. Varia- 
tions in oral dosage of cortisone within limits of dosages used to maintain general improve- 
ment had no effect on the results of intra-articular therapy. 


Failures 

Insignificant or no benefit resulted from intra-articular injections of hydrocortisone 
acetate in seven of these 148 patients. It appeared probable that the joints in four of 
these did not improve because the articular manifestations were caused largely by de- 
structive changes rather than by inflammatory synovial reactions. Lack of response in 
one patient appeared to be caused by bleeding into the synovial cavity after the con- 
current removal of a specimen for biopsy by needle aspiration. The bleeding was verified 
by aspiration two days later; another injection of hydrocortisone acetate at that time 
led to great improvement. No explanation for the failure was apparent in the other two 
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patients; one of them obtained good results from subsequent injections into the same 
joint, while injections were not repeated in the second patient. In an eighth patient, no 
effect was noted after injection into an olecranon bursa; after subsequent excision of the 


bursa, microscopic examination revealed fibrosis but no inflammatory changes. 


Complications 


No serious complications occurred as a result of this procedure, but a few minor 


reactions were noted. Increased swelling and soreness were encountered in the knee of 


one patient for one or two days after each of two injections; this reaction was followed 
each time by gradual improvement. Minor increases in the swelling for an hour or two 
after the injection were noted in a few patients. The cause of this reaction was not deter- 


mined; suggested possibilities are slight hemorrhage into the joint or irritation of the 
synovial membrane by one of the constituents of the injected suspension. 


Systemic Effects from Hydrocortisone Injected Intra-Articularly 


Systemic as well as local effects were noted clinically after intra-articular injections 
of hydrocortisone acetate in thirty-one (21 per cent.) of the 148 patients who had rheuma- 
toid arthritis. There was clinical improvement in involved but uninjected joints in 
this group, the effect being similar in nature, both subjectively and objectively, to that 
which results from the oral or intramuscular administration of cortisone. Its occurrence 
indicated that at least part of the hydrocortisone acetate injected into the synovial 
cavity was absorbed into the blood stream and reached the general circulation. Usually 
the systemic manifestations were mild in degree, were first noted about two to twenty 


hours after the injections, and were of short duration (one or two days). Most of the 
systemic reactions (90 per cent.) were noted after the injection of 50 milligrams or more 
of hydrocortisone, whereas a few systemic reactions (10 per cent.) were noted after 


injection of 37.5 milligrams or less. Women, who in general tend to be somewhat more 
susceptible to the effects of cortisone administered orally or intramuscularly, appeared 


to be slightly more prone to the development of systemic effects from intra-articularly 
injected hydrocortisone acetate. Likewise, patients who were experiencing symptoms 
during reduction or withdrawal of cortisone and were unusually sensitive to small changes 
in dose also were prone to note systemic effects from the intra-articular administration 


of hydrocortisone acetate. The greatest systemic effect occurred in a woman in whom 


symptoms caused by reduction of cortisone were present and to whom 225 milligrams of 
hydrocortisone acetate was administered intra-articularly, 37.5 milligrams into each 


of six joints, at one time. 

The systemic effects were noted within two and a half hours; they were extensive in 
degree for two days and were persistent to some extent for six days. The degree of local 
antirheumatic effect from use of hydrocortisone acetate apparently did not influence the 


incidence or degree of systemic effect. 


Indications 


It appears from our study that the intra-articular use of hydrocortisone acetate 
is primarily helpful in those patients in whom the treatment of a few readily injected 
joints is of special concern. Such patients may include the following: (1) those who have 


but a few joints involved, for example, one or both knees; (2) those in whom the gen- 


eralized rheumatoid arthritis is satisfactorily controlled by use of cortisone or other 


measures but in whom the synovitis in a few joints is not adequately brought under 


control by safe dosages of other medicaments, or in whom flare-ups occur in a few joints 


previously controlled by treatment; and (3) those in whom use of cortisone and corticotro- 


pin is contra-indicated because of complicating disease and in whom other, general 


measures of treatment are not sufficient. 
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OSTEO-ARTHRITIS 


Hydrocortisone acetate was injected 102 times into the joints of forty-eight patients 
who had osteo-arthritis. The knee was injected eighty-eight times and the hip fourteen 
times, the usual dose being 37.5 milligrams. Beneficial effects consisted mainly in relief 
of pain and stiffness in the injected joint and occasionally in increased range of motion. 
When improvement occurred, it began within twenty-four hours. The degree of improve- 
ment was graded as “marked” after 38 per cent. of the injections, ‘moderate”’ after 
34 per cent., and “mild” after 7 per cent. No significant benefit was noted after 21 
per cent. of the injections. Improvement persisted for one to eight days in 60 per cent. 
of the cases, from nine to twenty-one days in 30 per cent., and for more than twenty-one 
days in 10 per cent. When improvement was prolonged more than seven or eight days, 
other factors, such as increased rest and limitation of weight-bearing activities, appeared 
to be of great importance in the maintenance of the temporary benefit which resulted 
from injection of hydrocortisone acetate. Repeated injections did not lead to progressively 
greater or more prolonged improvement, in contrast to the experience reported by other 
investigators. No instances of prolonged benefit were observed in patients who continued 
to subject the involved joint to overuse. In general, the more damage present in the 
joint, as judged by changes in the roentgenograms, and the more use to which that joint 
was subjected, the shorter was the duration of benefit after intra-articular therapy. 
Benefits from injections in osteo-arthritic patients were most striking in those who were 
suffering from an acute or subacute flare-up of the condition, presumably caused by a 
superimposed synovitis. Relief of symptoms apparently occurred more rapidly after 
intra-articular administration of hydrocortisone acetate than would be expected in 


patients treated by ordinary general measures, such as rest in bed, physical therapy, 


and use of salicylates. 

The only complication which occurred in these forty-eight patients was a single 
instance of increased swelling and pain for three days after the injection. The condition 
of this joint gradually improved greatly. It is possible that bleeding into the joint con- 
sequent to the injection was the cause of this complication. 

Two indications apparently exist at present for the intra-articular injection of 


hydrocortisone acetate in cases of osteo-arthritis,—namely, the need to control acute 
or subacute flare-ups of osteo-arthritis, whether spontaneous or precipitated by abuse 
of the affeeted joint, and the need to obtain additional symptomatic relief in osteo- 
arthritic patients who continue to have major degrees of discomfort despite maximal 


practical use of conservative measures of treatment. It is doubtful that injections of 
hydrocortisone acetate should be given merely to provide relief of pain for a temporary 
period during which the patient is permitted to subject the involved joint to overuse. Such 
a policy in the long run may lead to progressively increasing damage to the joint. 


TRAUMATIC SYNOVITIS 


Four patients who had acute traumatic synovitis were treated by means of intra- 
articular injection of 37.5 milligrams of hydrocortisone acetate. Relief of pain and swelling 


appeared to be much more rapid than in comparable patients treated by such measures 


as rest in bed, use of analgesics, and application of cold packs or pressure bandages. 


Further trial of this method of treatment is indicated. 


ARTHRITIS 


PSORIATIC 


Hydrocortisone acetate was injected into the distal interphalangeal joint of the 
great toe of one patient who had psoriatic arthritis and into both knees of another patient 
afflicted with the same disease. In all three instances, temporary improvement took place 
in the synovial reaction of the injected joint, comparable to the improvement noted in 


patients who had rheumatoid arthritis. 
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GOUT 

A severe attack of acute gouty arthritis of the knee took place in one patient who 

had tophaceous gout. Two days after onset of this attack, 37.5 milligrams of hydro- 

cortisone acetate was injected into the knee. Little improvement was noted for twenty- 
four hours, but rapid regression of the attack occurred within the next four days. 


TRAUMATIC OLECRANON AND PREPATELLAR BURSITIS 


Seventeen patients who had prepatellar bursitis and six who had olecranon bursitis 
were treated by injection of hydrocortisone acetate; follow-up studies in these patients 
lasted for more than five months. The cause of the bursitis in all cases was assumed to be 
trauma, since no evidence of infection was present in any. In addition, fifteen patients 
gave histories of specific injury to the region of the bursa prior to the onset of symptoms. 

Local anaesthesia was used in some of these cases. Almost all the fluid was aspirated 
from the bursa in seventeen cases, while either no fluid or an insignificant amount was 
removed in the others. The amount of fluid aspirated was as much as sixty cubic centi- 
meters in two cases. The amount of hydrocortisone acetate injected varied from 12.5 
to 37.5 milligrams. The time of maximal response to treatment ranged from one to four- 
teen days. The interval from the onset of symptoms until the institution of treatment 
varied from one day to seven months 

Of the seventeen patients who had prepatellar bursitis, fifteen (88 per cent.) experi- 
enced complete and, to date, lasting remissions. In one of these, however, additional 
trauma after several weeks resulted in recurrence of the bursitis. This recurrence also 
responded promptly to injection and the patient has remained well. Failure of treatment 
occurred in two patients, who did not respond at all to the injection; the bursae in these 
patients were excised surgically. 

Of the six patients who had olecranon bursitis, five responded well and permanently 
to the injection of hydrocortisone acetate. Treatment failed in one patient, and the 
bursa was excised. 

The dosage of hydrocortisone acetate did not appear to have any proportionate 
effect either on the rate and amount of the reduction of swelling or on the relief of pain, 
provided that the amount given was at least 12.5 milligrams. The duration of bursitis 
before treatment had no apparent bearing on the effectiveness of this treatment. It 
appeared to make no difference in most instances whether or not the bursa was aspirated 
at the time of injection. The size of the bursae began to reduce in twenty-four to forty- 
eight hours after injection and became normal within seven days. Pain and swelling sub- 
sided entirely within forty-eight hours in those cases in which treatment was successful; 


the symptoms have not recurred. 
EPICONDYLITIS (TENNIS ELBOW) 


In view of the favorable anti-inflammatory response noted in other conditions, 
it had been our hope that injection of hydrocortisone acetate might be efficacious in 
the treatment of epicondylitis (tennis elbow). After ten months of use of this treatment 
and follow-up studies of at least six months, however, it appears that the results are not 
permanent. Of thirteen patients treated by means of injections of hydrocortisone acetate, 
only two secured complete and lasting relief of symptoms. Two additional patients 
stated that they had 75 per cent. relief of pain and tenderness; one patient, who had 
incomplete relief after one injection, was relieved of symptoms after a second injection, 
but the result is still indeterminate, since only two months have elapsed since the last 
treatment. 

If 75 to 100 per cent. permanent relief of symptoms is considered to be a satisfactory 
result, only 38 per cent. of these patients obtained such results. Seven of the thirteen 
patients were relieved of pain from one to five months after the injection of hydrocortisone, 
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only to have recurrence of symptoms; in some the recurrent symptoms were not so severe 
as formerly, but in others they were just as severe. One patient failed to secure even 
temporary relief. This patient was unable to avoid trauma to the region involved—her 
arm—since she is forced to use crutches for walking; it is considered that this continuation 
of the irritating factor accounted for the complete lack of benefit. 

The usual method of treatment in this group of patients was to inject procaine 
hydrochloride into the region and then to inject 25 to 37.5 milligrams of hydrocortisone 


acetate. 
OSGOOD-SCHLATTER DISEASE 


Each of two patients who had Osgood-Schlatter disease received an injection of 
37.5 milligrams of hydrocortisone acetate into the affected region. Favorable response 
took place in both patients, with complete remission of swelling, pain, and tenderness 
within six weeks, a shorter period than is expected after other forms of treatment. One 
of these engaged in a track meet three months after treatment and won three events. 


SUMMARY AND CONCLUSIONS 


A study has been made of the results after local injections of hydrocortisone acetate 
(compound F acetate) in the treatment of some common orthopaedic conditions. In the 
treatment of rheumatoid arthritis, marked improvement was noted in the condition of 
49 per cent. of the injected joints, whereas improvement was moderate in 35 per cent. and 
mild in 13 per cent.; no relief was obtained in 3 per cent. of the joints into which this 
material was injected. The relief of symptoms persisted for two to eight days in most 
cases. When improvement was more prolonged, some additional factor usually was pres- 
ent; among the more important of these was general improvement in the status of the 
rheumatoid arthritis, either spontaneous or induced by other forms of treatment. Brief 
systemic effects were noted in 21 per cent. of the patients who had rheumatoid arthritis 
and who received injections of hydrocortisone acetate. Intra-articular injection of hydro- 
cortisone acetate appears to be a helpful adjunct in the treatment of rheumatoid arthritis, 
especially in patients who have involvement of only a few joints or in whom other meas- 
ures of treatment are generally adequate except in a few joints. 

Marked improvement occurred in 38 per cent. of the injected joints in patients 
who had osteo-arthritis; moderate improvement was noted in 34 per cent., mild in 7 
per cent., and insignificant in 21 per cent. The improvement usually lasted for one to 
eight days; when more prolonged improvement was noticed, other factors, such as in- 
creased rest and limitation of weight-bearing activities, appeared to play a role. This 
form of treatment apparently is helpful as an adjunct in the management of osteo-arthritic 
patients, particularly those suffering from acute or subacute flare-ups or those in whom 
maximal application of other conservative measures has failed to relieve discomfort. 

Limited experience with intra-articular injection of hydrocortisone acetate in the 
treatment of traumatic synovitis, psoriatic arthritis, and acute gouty arthritis suggests 
that its temporary antirheumatic effect might be helpful in the management of these 
conditions. Use of hydrocortisone acetate in the treatment of epicondylitis (tennis elbow) 
has proved discouraging to date. 

The most favorable response to local treatment by injection of hydrocortisone 
acetate apparently occurs in self-limited conditions, such as traumatic bursitis. Injection 
of hydrocortisone acetate appears to hasten the recovery and shorten the period of con- 


valescence. 
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DISCUSSION 


Dr. Lenox D. Baker, DurnAM, Norra Carouina: Dr. Young and his associates have used compound 
I in Osgood-Schlatter disease with relief of symptoms and apparent early recovery. From the results 
presented in the paper, from reports of other clinies, and from what has been seen in our experience, it 
appears that hydrocortisone acetate, when used in cases with a local synovial reaction, can bring about a 
rather dramatic improvement. If the etiological factor in the synovial change is recurrent in nature, it 
appears that we can expect recurrence of symptoms. The results reported here from the use of compound 
IF in osteo-arthritis coincide with this impression. The authors apparently have found it necessary to put 
the joints at rest; this in turn removes the cause of the synovial reaction. In addition they have found that, 
when the patients continue to use the involved joint, recurrence can be expected. 

Dr. Young in his presentation of the results in tennis elbow reported only one patient who did not 
benefit. The other twelve were definitely benefited. Seven of the twelve were relieved of discomfort for one 
to five months. It should be kept in mind that it is necessary to remove the cause of the disease; the drug acts 
only on the secondary changes in the synovial membrane. 

Dr. Goldner pointed out that contradictory results have been reported in rats, rabbits, and dogs. He 
feels that one should be cautious in evaluating clinical use of the drug on the basis of the results seen in 
animal experiments. The observations of Dr. Goldner and his coworkers appear to show that the compound 
has its greatest effect on the peritendinous structures and little or no effect on the intrinsic healing and 
maturity of tendon repair. This is further evidence that the drug is active in preventing fibrositis in highly 
vascularized tissues. Dr. Goldner’s studies suggest the development of the local use of this drug or one of its 
derivatives. Such use would eliminate the side effects seen when the drug is used systemically. 


Dr. J. Avpertr Key, Sr. Louts, Missourt: We first operated on arthritic patients who were being 
treated with cortisone mostly patients with bunions or needing reconstructive procedures of the feet 
and noticed that they had a much smoother convalescence and that their wounds healed normally. Later 
we read reports about delays in wound healing caused by hydrocortisone. At the same time we used cortisone 
in hand surgery and in tendon surgery in order to prevent postoperative swelling and adhesions. We thought 
that the results were very good and that the wounds healed normally. It is difficult, however, to determine 
whether or not results would have been good without cortisone. In looking over past experience, one is apt 
to forget failures and remember only good results. 

We then studied the effect of cortisone on the healing of experimental fractures in rats * and found 
that we could not tell the difference, grossly or microscopically, between animals which had had cortisone 


THE JOURNAL OF BONE AND JOINT SURGERY 


THE USE OF HYDROCORTISONE ACETATE 609 
and those which had not. We then used it in the peritoneal cavity. We produced adhesions with tale and 
found that there were fewer adhesions in the animals treated with cortisone. In Dr. Goldner’s experiment, 
there was only one animal in which the tensile strength was tested at or after twenty-one days and was 
found to be approximately the same in both instances; it would seem that one should not hesitate to translate 
the conelusions from these experimental results into clinical practice because, while cortisone apparently 
may delay healing and the formation of scar tissue, its principal activity —the inhibition of formation of 
appears to take place during the first two weeks, At the end of that time, apparently, it has 


fibroblasts 
Certainly we have used it with safety clinically and will 


very little effect and healing proceeds normally 
continue to do so 

In the use of compound F in various orthopaedic conditions discussed by Dr. Young and his coworkers, 
the most brilliant results were obtained in acute conditions of the shoulder, with or without calcification. 

In some of the severely painful shoulders with swelling of the hands and crippling we have done a 
stellate-ganglion block, with injections of compound F into the bursa performed at the same time; some 
of these patients have experienced a remarkable cure. 

Dr. Young was not discouraged about the use of compound F in hypertrophic arthritis. It is important 
that the drug be injected into the joint cavity and this may be difficult in a hip with a degenerative condition 
and a tight capsule. In these eases, flexing the hip to relax the anterior portion of the capsule may be helpful. 
We think that this treatment has done the patients with knee and hip conditions a great deal of good; and 
we have also used it in the ankle. The treatment has been used in traumatic conditions; our experience 
with traumatic prepatellar bursitis has been similar to that of the authors. Some of our patients with radial 
tenosynovitis, painful heels, and tennis elbow have had relief; others have not been relieved. 

Compound F has also proved very valuable in postoperative joint conditions, especially in knee joints 
with effusion and considerable pain. We aspirate the joint and inject compound F, and our experience 
has been that the patient has a smoother convalescence after this injection. Not infrequently we have 
injected compound F immediately after closing the joint. We do not consider the injection an operating- 
room procedure. We even inject hip joints in the office; in such cases we administer novocain first and we have 
not found that the novocain has done any harm. 

a. Key, J. A.; Opens, R. T.; and Tayior, L. W.: Failure of Cortisone to Delay or to Prevent the 

Healing of Fractures in Rats. J. Bone and Joint Surg., 34-A: 665-675, July 1952. 


Dr. Leo Mayer, New York, N. Y.: I should like to bring out one point which I feel Dr. Goldner 
has not emphasized sufficiently. | assume from the illustrations that most of the tendons used were Achilles 
tendons. In dealing with the Achilles tendon, one is not dealing with a true sheath. It differs very markedly, 
for instance, from the sheaths of the flexor tendons of the hand and foot. There is a fibrous layer, a fascial 
envelope surrounding the tendon, and from the fascial envelope numerous fine bands extend from the fascia 
into the sheath. When one is dealing with the sheath of a flexor tendon, on the other hand, the tendon lies 
free inside a cavity which is lined by a tissue very similar to the synovial membrane of a joint. The cells are 
flattened and have the appearance of endothelial cells. There are no fibrous bands extending from the sheath 
to the tendon. The question is, then, is the effect of cortisone the same when we are dealing with a sheath of 
this type as the reaction of the fascial envelopment of the Achilles tendon. It is the true type of sheath 
in which we as hand surgeons are particularly interested. 

Dr. Youna (closing): We did not have time to present all the conditions in which compound F acetate 
has been used. We had two patients with gouty arthritis who responded to the drug, in both of whom an acute 
flare-up subsided rapidly, and two patients with Osgood-Schlatter disease who improved considerably 
within twenty-four to forty-eight hours and whose pain and swelling disappeared entirely within a few 
weeks. One of my patients was able to win three events in a track meet six weeks after the injection and 
has had no further difficulty with the Osgood-Schlatter disease. The shoulder, we feel, offers a special problem. 
\t present we are reviewing the status of patients with shoulder lesions. 

The postoperative use of compound F acetate is of benefit. | have used it after removal of the medial 
meniscus and particularly after a patellectomy. I inject it usually during the third week, when it is desirable 
to start motion. The patients seem to recover motion more rapidly and with less pain than do those in whom 
the drug is not used. This, however, is merely an impression and we are not yet able to substantiate it. 


Dr. Gooner (closing): It should be emphasized again that the use of cortisone in conjunction with 
tendon surgery in uncomplicated situations is not desirable, The drug has been given to patients undergoing 
tendon surgery, but no conclusions can be drawn from these, because the number of cases is small and there is 
no control series. The drug is certainly not a substitute for meticulous surgery. 

Dr. Mayer has pointed out that the tendon sheath around the Achilles tendon in dogs is not a true 
synovial sheath. That is correct. When, in cutting the tendon, the fascial envelope around the Achilles tendon 
was punctured but otherwise not disturbed, there was a moderate fibrous reaction during the healing process. 
In the usual tendon injury it is necessary to remove either the fascial envelope or the synovial sheath——which- 
ever surrounds the tendon—in order to obtain a satisfactory mobilization and repair of the tendon, The 
sutured tendon is usually left exposed and the effect of cortisone on the subsequent formation of fibrous tissue 


then becomes evident. 


VOL, 36-A, NO. 3, JUNE 1954 


oy 
ru 
~ 
~ 
BE 
The 


A FEMUR WITH TWO HEADS AND NECKS 
A Cast Report 


BY PHILIP 0. LICHTBLAU, M.D., AND T. CAMPBELL THOMPSON, M.D., NEW YORK, N. Y. 
From the Hospital for Special Surgery, New York 


Adequate roentgenographic studies prior to reconstructive hip surgery are manda- 
tory. They are required for the selection of the surgical procedure of choice. They also may 
obviate the necessity for further surgical intervention. A case in point follows: 


The patient was a seven-year-old Puerto Rican boy (Figs. 1-A, 1-B, and 1-C) who was sent to our Ortho- 
paedic Clinic on October 20, 1952, by his school physician, because of a limp on the left side. 

Past history revealed that at one and one-half years of age, while in Puerto Rico, this child fell and sus- 
tained an injury to his left hip. He was taken to a hospital where an inflammatory process of the hip was 
treated by incision and drainage. He was hospitalized for nine months. Following this period of hospitaliza- 
tion, the child resumed normal activities and has never had any further difficulty with the exception of a 
limp.The parents had known of the child’s limp for several years but had not previously sought medical advice. 

Physical examination revealed a well developed, well nourished seven-year-old boy who walked with a 


1-A Fig. 1-C 


Front, side, and back views of seven-year-old Puerto Rican boy with dislocation of the left hip, 
secondary to an old septic arthritis 
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Fria. 2-C 

Fig. 2-C: This preoperative 
roentgenogram is almost a 
true lateral view of the hip. It 
does not reveal the abnormal! 
condition which was first dis- 
covered on the postoperative 
roentgenograms. 

Fig. 3-A: This postoperative 
roentgenogram, with the pa- 
tient still in plaster, first dem- 
onstrated the presence of two 
heads and necks on the femur. 
The osteotomy of the greater 
trochanter can be seen. 


left “‘short-leg’’ gait and a mod- 
erate lurch to the left. The Tren- 
delenburg test on the left was not 
conclusive. With a block meas- 
uring one and three-quarter 
inches under the left foot, the 
pelvis became level. Clinical 
measurement from the anterior- 
superior iliac spine to the medial 
malleolus was twenty-two and 
one-half inches on the right and 
twenty-one inches on the left. 
Knee-to-ankle lengths were equal, 
ten inches. There was a deep, 
puckered, one-inch scar over the 


middle of the left buttock and another at the mid-medial aspect of the left thigh. Both were well healed, 
non-tender, and were not adherent to the deeper structures. The top of the greater trochanter on the left 
side could be palpated above its normal level. Actual telescoping could not be elicited. 

In the supine position, the left lower extremity assumed a position of external rotation of approximately 
15 degrees. Flexion at the hip was complete and painless. There was no flexion contracture, and hip exten- 
sion was possible to 180 degrees. There was no internal rotation. External rotation was to 90 degrees as 
compared with 60 degrees on the right side. Adduction and abduction were normal, 45 degrees. The physical 
examination showed no other abnormal findings. The laboratory studies, including urine analysis, hemo- 
gram, sedimentation rate, and serological tests were normal. Roentgenograms of the chest were normal. 

Roentgenographic examination of the pelvis showed a poorly developed acetabulum and femoral head 
and neck on the left side. The upper femoral shaft was displaced widely outward and upward, the head of 
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the femur apparently resting against the iliac wing. Push-pull roentgenograms (Figs. 2-A and 2-B) revealed 
vertical instability, but the tip of the femur could not be brought down to the level of the acetabulum. 

The presumptive diagnosis was dislocation of the left hip, secondary to an old infectious arthritis. 

It was decided to apply skeletal traction preliminary to performing a Colonna type of reconstruction |, 
as is used for congenital dislocation of the hip, to gain stability. On October 22, 1952, a Kirschner wire was 
inserted in the supracondylar region of the left femur and was incorporated in a long plaster cylinder. Trac- 
tion was applied through the Kirschner wire and fourteen pounds of weight was gradually added. After ten 
days of traction, the upper limit of the femur was at the level of the acetabulum; a Colonna hip reconstruc- 
tion was performed at that time. 

A Colonna type of incision was used; the greater trochanter was osteotomized and reflected proximally 
with the attached abductors. The capsule was removed from the attachment to the iliac wing, without 
exposing the femoral head. The acetabulum was found to be filled with fatty fibrous tissue which was 
removed; then the acetabulum was deepened with reamers. It was not deemed necessary to strip the capsule 
from the femoral head and neck. Several mattress sutures were then used to close the capsule over the 
femoral head. On reduction of the hip, there seemed to be an excess of capsule on the superior aspect of the 
femoral neck. However, it did not seem to block the reduction, and, with the hip held in mild abduction 
and internal rotation, stability seemed good. Following closure of the incision, the long plaster cylinder 
(with the incorporated Kirschner wire) was integrated into a single hip spica. The hip, maintained by 
plaster, was in flexion of approximately 15 degrees, abduction of 20 degrees, and internal rotation of 20 
degrees. 

Postoperatively, traction was re-established by means of the Kirschner wire. On the first postoperative 
day, portable x-rays gave the impression that the femoral head was not engaged in the acetabulum. Traction 
was increased and two days later roentgenograms revealed the appearance of two distinct femoral heads 
and necks, the lower head being in good relation to the acetabulum (Fig. 3-A). 

Traction was maintained for five weeks, after which the spica and Kirschner wire were removed. Active 
motion and pool therapy were instituted. Clinically, the hip felt stable, and the boy was allowed to walk 
with crutches. Although the left lower extremity was short, he was not permitted a shoe lift in order to try 
to establish a mild abduction contracture which would help to compensate for the limb-length inequality. 

The patient was discharged two months after the operation, at which time he was walking well with the 
aid of crutches. The hip was stable both clinically and roentgenographically, and frequent examinations 
showed increasing range of motion. ; 

The patient was last seen five months after operation. At that time he walked well, with and without 
crutches, but still demonstrated a short-leg gait. The lurch on walking was much less than that observed 


Fic. 3-B 


This first roentgenogram of the hip out of plaster shows the pathological entity more clearly. 
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preoperatively. The stability was good. The Trendelenburg test was positive. The hip had attained painless 
ranges of motion from 90 degrees flexion to 175 degrees extension, from 30 degrees abduction to 30 degrees 
adduction, from 20 degrees internal rotation to 15 degrees external rotation. Roentgenograms (Figs. 4-A, 
1-B, 5-A, 5-B, and 6) showed excellent relationships in all ranges of motion, but it seemed possible that the 
upper femoral head and neck were blocking further abduction. Measurements of limb lengths at this time 
produced only a one-inch discrepancy as compared to a preoperative discrepancy of one and one-half inches. 


It is interesting to speculate as to the pathogenesis of this unusual structural entity. 
Assuming that the diagnosis of old septic arthritis was correct, we believe that the central 
portion of the upper femoral epiphyseal plate had been destroyed during the active in- 
fectious process. Subsequently, with further growth, two separate femoral heads and 
necks developed. Dislocation probably occurred at this time or shortly after weight- 


bearing was resumed. 

In retrospect, had roentgenograms of the hip in internal and external rotation been 
taken, the pathological entity would have been discovered preoperatively and our post- 
operative embarrassment would have been avoided. The extreme rarity of the condition 
helps to explain our failure to recognize it; we know of no other reported case. 

In having placed the lower femoral head into the acetabulum, the more developed 
and normal looking of the two heads was unknowingly selected. It was anteverted almost 
“0 degrees in relation to the upper femoral head; this can now be demonstrated even in 
the anteroposterior preoperative film (Figs. 2-A and 2-B). It has been suggested that, if 
the upper femoral head had been placed into the acetabulum, additional length would 


have been gained. 

At present, the functional and roentgenographic results seem quite satisfactory. It 
has been suggested that, possibly, one head may have to be removed. More time must 
elapse for adequate follow-up and evaluation of the operative procedure. 


1. Covonna, P. C.: An Arthroplastic Operation for Congenital Dislocation of the Hip—A Two Stage 


Procedure. Surg., Gynec., and Obstet., 63: 777-781, 1936. 


DISCUSSION 


Fracture HEALING AFTER FIXATION 


(Continued from page 587) 


healed, and microscopic sections may disclose islands of dead bone which are incorporated in the living bone. 
I’ve never been able to figure out the mechanism of creeping replacement 


How is it replaced? I don’t know 
of compact bone. But the point is, if you get union, you do not get any shortening and you do not need to 
make pressure to compensate for resorption. Another point is, will pressure on these two dead bone ends of 


cortical bone, provided you can maintain it, stimulate bone formation in the cartilaginous callus and mem- 


branous bone which are uniting the two fragments and stimulate bone production beneath the periosteum and 
in the callus? I don’t know. T haven't been able to prove it, but we think we have proved in our work that 
it is not so much the method you use as the man behind the method. If you have a good surgeon, he can 


get good results by any of the three methods, provided he has the apparatus. If you have a poor surgeon, 
you can give him the best apparatus in the world, and he will still get a high percentage of failures 
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THE PATHOGENESIS OF IDIOPATHIC SCOLIOSIS 


BY ALADAR FARKAS, M.D., NEW YORK, N. Y. 


From the Departments of Orthopaedic Surgery, New York Medical College, F lower-F ifth 
Avenue Hospital, and the Metropolitan Hospital, New York 


The distinction between the underlying mechanical factors and the basic pathological 
process has been consistently kept in mind throughout the author's studies of scoliosis; 
this has proved to be a fruitful approach to the problem of determining the pathogenesis 


of idiopathic scoliosis. 

It has been shown that human gait not only causes physiological scoliosis but that 
it also plays a paramount role in the initiation and development of paralytic scoliosis * °. 
Gait seems also to be decisive in the aggravation of scoliosis following thoracoplasty, as 
will be demonstrated in a forthcoming study. Moving pictures taken of children with 
idiopathic scoliosis clearly show the marked increase in deformity during locomotion. 
If one accepts the concept that the pathological process underlying idiopathic scoliosis 
is essentially a diminished resistance of the spinal column to compression and rotation 
and recognizes that these forces are enormously increased during gait, it might be stated 
with some certainty that the mechanical factor bringing about all forms of acquired 


scoliosis is gait *. 

The pathological process has been traced by comparing the physiological lateral 
movements of the spine with those observed in structural scoliosis. It has been stated in 
earlier studies that in structural scoliosis the vertebral column penetrates into the space 


surrounding it, regardless of the simultaneous movements of the head, shoulder girdle, 


trunk, and pelvis. During physiological movements, the spine moves simultaneously and 
in conformity with these parts of the body; in structural scoliosis, however, the spine 
moves by itself, penetrates the space surrounding it, and becomes so firmly established, 


especially in the thoracic region, that no movement or manoeuvre can release it. Although 
the body is capable of carrying out movements which produce a number of the signs of 
true scoliosis, such movements eventually lead to physiological scoliosis only. Physio- 
logical scoliosis is invariably present in man from the age of five, and steadily increases 


throughout life *. 

Scoliosis has four roentgenographic characteristics: 

1. Penetration oceurs in the frontal plane. It may be defined as the lateral slipping 
of the spine into the thoracic cavity or into the pelvic space. It is characterized by the 
difference between the distance of the spine from the axillary line of the chest wall or of 
the pelvic rim, or both, on the convex side as compared with that on the concave side of 
the curve. This distance is less on the convex side than on the concave side. No method of 


therapy, even when the spine has been straightened, has so far abolished or even markedly 

diminished the factor of penetration; the spine still remains in the half of the thorax 

toward the convex side of the curve and in the pelvie space on the convex side. 
Penetration is a rather complex displacement of one or more vertebrae. The pene- 


trating vertebrae enter the space surrounding them, pulling with them a number of the 
vertebrae above and below. The penetrating vertebrae frequently assume a “staircase”’ 
or “step” relationship to each other; such a relationship indicates the site where the 


slipping into the thoracic or pelvic space took place (Figs. 19-FE and 19-F). Penetration 


sometimes not only appears to be a lateral dislocation or subluxation of one or two 
vertebrae, but is in fact just that, since the displacements exceed physiological limits. 
Displacements do not occur alone in the apophyseal joints; lateral slipping or penetration 
also occurs through the partial separation of the vertebrae from the dises and of the 
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Fig. 3-A Fig. 3-B 


Fig. 3-B shows the rib ring from a normal thorax rotated in the direction of the arrows. The com- 
pression of the thorax on the convex side and its enlargement on the concave side should be noted. This 
is similar to the condition shown in the scoliotic rib ring in Fig. 3-A. |Fig. 3-A is reproduced from Taf. 
IV, Fig. 16, Pathologie und Therapie der seitlichen Riickgratverkriimmungen (Scoliosis) von Adolf Lorenz. 
Wien, Alfred Hélder, 1886. Fig. 3-B is reproduced from Uber Bedingungen und auslésende Momente bei 
der Skoliosenentstehung (Versuch einer funktionellen Skoliosenlehre) von Aladdr Farkas. Stuttgart, 


Ferdinand Enke Verlag, 1925. | 


hia. 4-A Pic. 4-B Fig. 4-C 


Photographs of a young woman with a normal spine. It should be noted that bending with rotation 
of the trunk to the left produces a ‘scoliotic’? hump on the right side (Fig. 4-C) 


vertebral body from the epiphyseal ring. Simultaneously, torsion of the vertebral ends 
of the ribs occurs on the convex side and there is flattening of the ribs on the 
concave side, Thus penetration is intervertebral as well as intravertebral. 

2. Articular contracture in lateral deviation involves the capsule and the ligaments of 
the apophyseal joints. It is the factor most accessible to correction. Capsular contracture 
is a more or less prominent restriction of physiological movement. 

3. Rotation of the vertebrae must be recognized as distinct from the rotation of the 
shoulder girdle, thorax, and pelvis, and will be discussed later in this paper *. 

1. Compression of the vertebrae on the concave side of the curve has so far proved 
to be inaccessible to any method of treatment. 

The two characteristics which practically defy any correction, penetration and com- 
pression, are, roughly speaking, the basic traits of idiopathic scoliosis. 

There are no muscles which can bring about either the penetration or its release. 
The factors preventing the spine from penetrating the surrounding space are essen- 
tially of a passive nature. It has been found that this passive mechanism is represented 
by: 

* Lateral deviation of the thoracic spine is, for anatomical reasons, not possible without simultaneous 


rotation. The two movements should have been discussed under one heading; however, since rotation of the 
vertebrae can be carried out independently of simultaneous lateral deviation, the two are discussed separately. 
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Roentgenogram of the spine in a young man with right thoracolumbar idiopathic scoliosis. 


|. The ligamentous apparatus and the dises; 
2, The ribs of the thoracic spine; 

3. The nearly sagittal position of the articular facets in the lumbar spine; 

1. The physiological sagittal curves, the curve in the lumbar region being more 


efficient than that in the thoracic; 

5. The inertia of the vertebral bodies, for they are kept in the sagittal plane by 
body weight. 

The role of the ribs in the prevention of penetration is well demonstrated by two 
observations. Feiss noticed that in true lateral bending the thoracic spine behaves, from 
the age of five on, like a rod with almost no movement between the individual vertebrae. 
The author has confirmed this observation but has found segmental lateral movement 
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In this photograph it is shown that bending brings out the hump on the right side. 
Bending combined with rotation of the shoulder girdle and of the trunk to the 
makes the hump disappear. Latere! deviation of the spine is 


Fig. 5-B 
Fig 5§-C 
right (toward the convexity 
corrected by the same movement. 


from the eighth thoracic vertebra upward to be present shortly after birth. Later more 
and more vertebrae participate in segmental lateral movement until, about the age of six 
(except in not too rare individual variations), the thoracic spine hardly possesses any inter- 
vertebral movements and behaves as a solid piece. Lateral bending takes place at the 
thoracolumbar juncture where the ribs are short (floating ribs). The ribs, therefore, can- 
not block the excursion of the vertebrae at the thoracolumbar juncture as they do in the 
rest of the thoracic spine (Fig. 1-B) 

Another observation is the effect of resection of the ribs in thoracoplasty. Thoraco- 
plasty is invariably accompanied by scoliosis with the convexity to the side of the rib 
resection, regardless of the surgical method employed 

In scoliosis following poliomyelitis, the extreme relaxation of the ligamentous appa- 
ratus, the softening of the dises, and the decreased muscle tone are the pathological 
process which the author terms paralytic spine. The paralytic spine precedes scoliosis, 
but it is not necessarily followed by scoliosis, as has been shown in an earlier publication °. 
The relaxation of the ligament-dise system is followed by the disappearance of the lumbar 
lordosis. The deformity may be initiated by highly asymmetrical weight-bearing during 
walking, standing, or sitting. It is easy to prove that no scoliosis develops until weight- 
bearing, especially walking, is resumed. The extreme forms of rotation preceding lateral 
deviation and the lack of vertebral compression are the main characteristics of this form 
of acquired scoliosis 

Among the physiological movements capable of producing some of the signs of 
scoliosis are rotation of the shoulder girdle, of the trunk, and of the pelvis. Rotation of 
the spinous and articular processes is in the opposite direction to rotation of the shoulder, 
trunk, and pelvis; thus, rotation of the trunk to the right is accompanied by rotation 
of the neural arch to the left, and the rotation of the pelvis to the left is accompanied 
by the rotation of these structures to the right (Figs. 2-A and 2-B). No curve results, but 
the thoracic spine temporarily penetrates the thoracic cavity. The ribs on the side oppo- 
site that toward which the rotation of the trunk takes place become sharply curved 
and form a thoracic hump (Figs. 3-A and 3-B). In healthy persons with a normal spine, 
a “scoliotic” hump can be produced by means of this movement (Figs. 4-A, 4-B, and 4-C). 
Moreover, in scoliotic patients with a right convex thoracic curve rotation of the trunk 
and shoulder girdle to the right brings about the decrease or even the disappearance of 
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the hump on the convexity. The same holds true for the lumbar spine where pelvic rotation 
may bring about or efface this clinical sign of scoliosis (Figs. 5-A through 6-D), 


Fig. 6-A 
Roentgenogram of the spine in a young woman with left idiopathic scoliosis of the lumbar spine. 


Kia. 6-B Pia. 6-C hic. 6-D 
Fig. 6-B: Bending brings out the hump on the left side of the lumbar spine. 
Fig. 6-C: Bending combined with rotation of the pelvis to the left (toward the convexity) makes the 
hump disappear. 
Fig. 6-D: Bending combined with rotation of the pelvis to the right (toward the concavity) increases 
the hump. 
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The resistance of the thoracic spine to 
intervertebral movements is caused chiefly by 
the ribs. Rotation of the trunk, however, bends 
the ribs in all three planes and allows inter- 
vertebral movements (Figs. 2-A and 2-B). 
The thoracic spine rotates, but it does not 
move laterally. The shape of the intervertebral 
articulations explains this phenomenon. They 
are not flat surfaces inclined anteriorly but are 
curved, so that they may rotate or move on 
one another in an anteroposterior direction 
(Fig. 7). 

The articular facets in the lumbar spine 
are roughly in the sagittal plane. The facets 
of each lumbar vertebra embrace the facets 
of the vertebra above from the lateral side 
(Figs. 8-A and 8-B). Lateral movement starts 
with the closing of the facets on one side and 
the simultaneous separation of the facets on 


Roentgenogram showing the shape of the the opposite side. This amounts to initial 
apophyseal joints of a thoracic vertebra was made 
with pieces of lead snugly pressed into the four 
joint surtaces. by the ascent of the superior facet along the 


rotation of the lumbar spine, and it is followed 


inferior facet on one side and the simultaneous descent of the superior facet along the in- 
ferior facet on the opposite side. Thus, in the lumbar spine, lateral movement is connected 


5, 26 


with rotation, notably with physiological convex rotation (Fig. 1-A) *° 
The facets are not exactly in the sagittal plane, for the inferior facets diverge. The 


degree of diy ergence, termed obliquity of the face ts, in large measure determines the degree 
of rotation during lateral bending. Thus, if the inferior facets were more oblique, the gap 


Pic. Fic. &B 
Fig. 8-A: Photograph of specimen shows lumbar vertebrae in physiological lordosis. There is a minimal 
gap between the corresponding facets 
Fig. 8-B: Photograph of specimen shows lumbar vertebrae in physiological kyphosis. It should be 
noted that the divergence of corresponding facets creates a gap which allows greater rotation 
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between the facets facing each other would grow wider, and the rotation, accompanying 
lateral bending, would become more pronounced (Figs. 24-A and 24-B),. 

In addition to the degree of obliquity, the degree of lumbar lordosis determines 
the amount of rotation. During flexion the superior facets mount along the inferior facets 
on both sides simultaneously. Since the inferior facets are oblique, the gap between the 
corresponding facets becomes wider and the ability to rotate is greater with increasing 
flexion. Thus, the two factors, the degree of obliquity of the inferior facets and the de- 
gree of lordosis of the lumbar spine, account for the amount of rotation (Fig. 8-B). 

Rotation is intimately connected with penetration during the later stages of idio- 
pathic scoliosis. In all forms of paralytic scoliosis, however, rotation without penetration 
and lateral movement is present in the beginning, and rotation always precedes lateral 
deviation. Unfortunately such an early “prescoliotic’’ stage in idiopathic scoliosis is not 
known to the author. 

The factor of compression on the concave side, as previously stated, is one of the two 
fundamental characteristics of idiopathic scoliosis. It has been regarded as an inherent 
characteristic of the deformity from the time of the earliest investigations ". Yet it is 
not completely correct to regard it so. In the lumbar form of idiopathic scoliosis, vertebral 
compression does not develop, if it develops at all, until about the fifth decade of life. 
Until that time, the compression of the lumbar intervertebral dises on the concave side 
is the only compression phenomenon; the compression of the vertebrae on the concave 
side is largely confined to the thoracic spine. 

This observation necessarily leads to the division of idiopathic scoliosis into two well 
defined types: 

1. The thoracic type with initial compression ; 
2. The lumbar type with initial rotation, which may be followed by compression. This 


distinction will be qualified later in this paper. 


Fig. 9-A 
Specimen of the seventh cervical vertebra from a left high thoracic curve. The scoliotic deformae 
tion of the neural arch and of the vertebral foramina should be noted. 
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9-B 


Frontal section of the seventh cervical vertebra shown in Fig. 9-A. Arrows indicate the dis- 
placement to the right of the epiphyseal ring and the remnants of a longitudinal slit at both sides 
of the vertebra, The slit on the right side is continuous with the line of separation between the 
epiphyseal ring and the cortical shell. The compression of the vertebral body on the right should 


C7 


be noted 


DISPLACED EPIPHYSEAL RING 
Fig. 9-C 


Drawing of the frontal seetion of the seventh cervical vertebra shown in Fig. 9-B illustrates the 
displacement of the epiphyseal ring to the right 


There is also a combined type, in which both etiological factors (the factor leading to 
lumbar rotation and that leading to thoracic compression) are present simultaneously 


from onset. The combined type is the most serious as regards prognosis. 


COMPRESSION 


In healthy bone, increased pressure produces osteosclerosis (condensation). Hence. 


unilaterally increased pressure is necessarily followed by the formation of denser bone 


on the side of the increased pressure. Healthy bone does not give way under pressure; 


it reacts to pressure with an increase of width of the bony trabeculae and a decrease in 


the spaces between them. Under certain pathological conditions, the bone on the side of 


increased pressure yields for a while, but the formation of denser bone which follows later 


sets a limit to unilateral compression. This may be observed in rickets, in Paget's disease, 


and in other conditions * 
Compressibility is apparently the result of the temporary inability of the bone to 


form denser trabeculae as compression increases. If increased density does not occur, 


compression is followed by such collapse as is seen in senile osteoporosis or in destructive 


pre ICCSSCS 


The vertebrae have the capacity to withstand the enormous pressures acting on them. 
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Figs. 10-A and 10-B: Roentgenograms of the spine 
in a sixteen-year-old girl show a left high thoracic 
and a right thoracic scoliosis. Large portions of the 
epiphyseal ring are displaced to the right. The con- 
cavity of the high thoracic curve is at the level of the 
third and fourth thoracic vertebrae. In Fig. 10-B, the 
arrows indicate the displaced epiphyseal ring. At this 
level, the slit between the displaced epiphyseal ring eee. ane 
and the channel crossing the third thoracic vertebra 
frontally are continuous. Fic. 10-C 


Fig. 10-C: Drawing illustrates the displaced epi- 
physeal ring. 
The disc, with the nucleus pulposus, the cartilaginous plate, the end plates, and the verte- 
bral cortex (compact shell), coupled with the so-called epiphyseal ring, are the structures 
which counteract compression before it involves the intravertebral system 
The weakest link in this system is the epiphyseal ring ':*. The epiphyseal ring de- 
velops from the cartilaginous plate and fuses with the rest of the vertebra, including the 


upper and lower bony surfaces of the vertebra, the end plate of the vertebra, and the ver- 


tebral cortex enveloping the vertebral body, around the age of twenty-five 

Until the epiphyseal ring has fused with the vertebra, it is so loosely attached along 
the circumference of the vertebra that it can easily be separated from it '. The inter- 
vertebral dise is intimately connected with the epiphyseal ring by means of Sharpey 
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Figs. 11-A and 11-B: Roentgenograms of the spine in a 
nineteen-vear-old girl show a right thoracic and a left lumbar 
idiopathic scoliosis. In Fig. 11-B, at the right (convex) side of 
the sixth thoracic vertebra, it is to be seen that the line of 
separation between the partially displaced epiphyseal ring and 
the right border of the vertebra is continuous with the channel 
crossing the vertebral body frontally. (This is shown diagram 
matically in Fig. 11-C.) All vertebrae from the sixth thoracic 
to the eleventh thoracic clearly show the channels which cross 
it their middle 


them frontally 


fibers, with the result that in all movements of the 


growing spine there is a potential danger that the 


attachment of the epiphyseal ring with the compact 


structures of the vertebra may be harmed 

Evidence will be produced to show that the separation of the epiphyseal ring from 
parts of the vertebral cortex on the one hand and of the vertebral cortex from the interior 
of the vertebral body on the other form the basic pathological process of idiopathic scoliosis 
of the thoracie spine. The separation of the epiphyseal ring may assume forms of actual 
slipping (Figs. 9-A through 12-B). The latter is naturally limited because the dise, inti- 
mately connected with the epiphyseal ring, keeps the epiphyseal ring fairly securely in 
place or sets it back again through its enormous resilience during the first three decades 


of life. It has also not uncommonly been found that separation or failure of fusion only 


coneerns the connections of the epiphy seal ring with the vertebral cortex. 
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The separation of the vertebral body cortex from the internal cancellous struce- 
tures is preceded by a number of phenomena which together constitute the predisposing 
causes of idiopathic scoliosis in the thoracic region. This predisposition, coupled with the 
mechanical factor of weight-bearing, brings about the scoliotic deformity of the thoracic 


spine. The former is the predisposing factor to the development of the deformity and the 


latter, induced by weight-bearing and walking, is the exciting or mechanical cause. 
In order to understand the pathological process underlying idiopathic scoliosis, dis- 
sections of the vertebrae in all segments of the spine have been undertaken. The vertebrae 


Figs. 13-A, 13-B, and 13-C: Frontal sections of adult vertebrae 


Fig. 13-A: Frontal section of a cervical vertebra. Note at the juneture of the upper and middle thirds 
a bony bar crosses the cancellous structures horizontally (arrows). Such cross bars are not rare in the 
other segments of the spine, 


Fig. 13-B 


Frontal section of a thoracic vertebra, 
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Fic. 13-C 
Frontal section of a lumbar vertebra. 


have been cut through frontally, sectioned at different depths, and examined macroscopi- 
cally and by means of roentgenograms. Vertebrae of three different ages were examined: 
macerated vertebrae from an adult with the epiphyseal ring preserved, macerated verte- 
brae from a five-year-old child (the cartilaginous epiphyseal ring was naturally dissolved 
during the maceration), and the vertebrae from a newly born infant with the cartilaginous 
epiphyseal ring preserved. 

In adult vertebrae, the epiphyseal ring, the vertebral cortex, and the end plates of 
both the upper and lower surfaces are intimately fused with one another and with the 
interior of the body. The vertebral cortex sends out strong trabeculae which connect 
it with the interior, with the upper and lower end plates, and with the epiphyseal ring. 

By means of a light touch with a curette, the intravertebral trabecular system can 
be revealed. This system is differently built in the various segments of the spine. 

In the cervical spine it is a very hard, sieve-like structure with very short and densely 
packed trabeculae. The epiphyseal ring of the upper and lower surfaces is of the same 
height and density. The circular shell or wall of the vertebral body is hard and thick. 
It is impossible to gauge the exact thickness because the transition is gradual from 
the walls toward the interior. This arrangement is unlike that in any other segment 
(Fig. 13-A). 

In some instances, there is a longitudinal slit between the vertebral cortex and the 
trabecular system. In the anatomical specimen, this has been observed only in the cervical 
spine (Fig. 13-A). 

In the thoracic spine, the end plate covering the upper surface is rather thin, while 
that covering the lower surface is two or three times as thick. The interior is formed 
by a great number of strong, evenly distributed, longitudinal trabeculae,—a system of 


strong pillars connecting the upper and lower surfaces. The lateral walls of the vertebral 


cortex are connected by oblique, short, and sparsely set trabeculae with the interior 
pillars (Fig. 13-B). 

In the lumbar vertebrae, both the epiphyseal ring and the plates covering the upper 
and lower surfaces are of about the same width and thickness. The interior discloses a 
different arrangement of the trabecular system from that in the cervical and in the tho- 
racic regions. In lumbar vertebrac, the middle third is occupied by a heavy pillar, while 
the two lateral thirds consist of a much thinner, abundantly interconnected, cancellous 
structure. This resembles lattice work except at the upper and lower lateral corners where 
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Figs. 15-A, 15-B, and 15-C:iVerte- 
brae from a newly born infant. 


Fig. 15-A: In the cervieal vertebra, 
the ossification center is surrounded 
by cartilage which is equal in width in 
the upper and lower parts. 


Fig. 15-B: In the thoracic vertebra, 
the ossification center is crossed by au 
cartilaginous bar vertically (between 
upright arrows). The cartilage at the 
upper border of the ossification center 
is about one third the width of the 
cartilage at its lower border. 

Fig. 15-C: In the lumbar vertebra, 
the ossification center is bordered by 
cartilage which is twice as thick in the 
lower part as in the upper. 


the structure is fused with 
the shell by means of strong, 
short, and oblique trabeculae 
(Fig. 13-C). 

In the normal spine from 
a five-year-old child, the in- 
travertebral structure has not 
yet reached the differentiation 
of the adult vertebrae. Nei- 
ther the longitudinal pillars 
of the thoracic vertebrae nor 
the three-pillar arrangement 
of the lumbar vertebrae are 
clearly discernible. Only the 
cervical vertebrae remind one 
of the densely woven arrange- 
ment of the intravertebral tra- 
beculae of the adult, an obser- 
vation which points to the 
effect of funetion on the devel- 
opment of the intravertebral 
structures. 
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Fig, 15-C 


The end plates, as well as the vertebral cortex, are solidly fused with the intraverte- 


bral trabeculae in all three segments. The cortex and the end plates are thin. There is 


not yet any difference in width between the end plates of the upper and lower surfaces 


(Figs. 14-A, 14-B, and 14-C). 


In vertebrae of the newly born infant, there is a noteworthy difference between the 
width and arrangement of the cartilaginous parts of the vertebral bodies surrounding the 


already ossified portions. In the cervical segment, the ossified layer is relatively wide- 


bordered on either side by cartilage layers of about the same width (Fig. 15-A). 
In the thoracic vertebrae, the caudal cartilaginous layer is three times as wide as its 


cephalic partner (Fig. 15-B). 


In the lumbar vertebrae, the caudal cartilaginous layer is twice as wide as the ce- 
phalic layer. The already ossified middle is the narrowest in any of the segments, if it is 


compared with the cartilaginous layers enclosing it (Fig. 15-C). 
In the normal adult vertebra there is complete fusion of the epiphyseal ring with the 
end plate and the cortical shell. This unity seems to have failed in the thoracic form of idio- 


path ic scoliosis. 


Clearly visible are lines of separation between the cortical shell and the interior of 
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Fig. 16-A Fic. 16-B 


Situs 


Idiopat hie scoliosis in a fourteen-veer-old girl 
viscerum inversus. The scoliotic curves are right high 
thoracic, left mid-thoracie, and right lumbar. From the 
seventh thoracic vertebra to the tenth thoracie vertebra, 
there is separation between the intravertebral structures 
and the compact shell. In the eighth thoracic vertebra, the 
line of separation comprising the entire epiphyseal ring 
penetrates the vertebral body (this is shown in the drawing, 
Fig. 16-C) 


LINE OF SEPARATION 


interior of the vertebrae in the different segments 


play in the separation could hardly be assessed. 


The vertebra grows by endochondral ossification Fic. 16-C 
within the confines of the vertebral cortex * 
Whether the formation of the vertebral cortex during rapid growth is inadequate in scolio- 
sis or the trabecular system connecting the shell with the interior is insufficiently formed 


has to be decided by examination of serial roentgenograms and dissections on a large num- 
ber of cases in all ages of infaney and childhood. It is established, however, that failure of 


fusion or the failure of a vertebral cortex to form with sufficient strength renders the 
vertebra so vulnerable that the phenomena of flattening and collapse may ensue (Figs. 17-A 
and 17-B). The failure of fusion also causes the structures not yet properly cemented, such 


as the epiphyseal ring, to become displaced. 

In his earlier study *, the author showed that in physiological scoliosis almost all of 
the signs of idiopathic scoliosis are encountered in the skeleton. The ease of separation 
along the plane of apposition between the vertebral cortex (comprising the epiphyseal 
ring, the end plate, and the circular hull) and the internal cancellous structures of the 
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17-A Fic. 17-B 


Idiopathic scoliosis in a fourteen-year-old girl. From the eighth thoracic vertebra to the eleventh 
thoracic vertebra there is flattening of the vertebral bodies; the bodies are deformed and are broken 
into two or more parts. The epiphyseal ring of the tenth thoracie vertebra is only partially formed and 
portions of it are displaced to the left (dotted lines). Arrow on the ninth thoracic vertebra points out 
the double contour, 


vertebra account for these traits. The growing child, going through the perilous stages 
of development, shows many signs of scoliosis. However, in the child, idiopathic scoliosis 
is a relatively rare occurrence. In this sense every case of phystological scoliosis ts a border- 
line case of idiopathic scoliosis. 

What happens under pathological conditions to force the spine into true idiopathic 
scoliosis will be discussed presently. The number of serial films of early cases of idiopathic 
scoliosis is naturally limited because the children were not seen until some abnormality 
had already developed. By that time the process might well have been developing for 
several years. The only exception to this is the infantile form of scoliosis which has been 
described extensively by Harrenstein. This condition is not dealt with in this treatise, 

In a typical case, taken from the author's series comprising nearly 100 patients, 
out of which only fifteen patients had had early roentgenograms, serial roentgenograms 
disclosed, during the earliest stages, the development of a high thoracic curve with its con- 
vex side toward the left. The rest of the spine appeared fairly straight. There was as yet 
limited penetration of the middle and lower thoracic spine. Thus it appears that, in the 
early stages, a mild, high thoracie curve develops with marked convex rotation, little 
compression, and definite penetration, mostly into the left side of the upper thoracic 
cage (Figs. 18-A through I8-E). Penetration is a prognostic sign of the utmost impor- 
tance and must be taken seriously, despite the fact that no involvement of the lower 
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segments of the spine has occurred. 
Penetration is a constant sign and 
is significant, for it may give the clue 
to the process or processes underly- 
ing the pathological process of idio- 
pathic scoliosis, especially if there is 
a marked generalized atrophy present 
(an infantile or juvenile form of osteo- 
porosis with sparsely set, coarse tra- 
beculae) (Figs. 19-A through 19-F). 
In the later stages of idiopathic 
scoliosis, the wedged vertebrae are 
characterized by excessive atrophy. 
This is not the patchy atrophy en- 
countered in the paralytic spine; it 
is a generalized form similar to that in 
senile osteoporosis. 

Another prognostic sign (one 
to be seen chiefly on the concave 
side) is termed the double contour; 
this appears to be a longitudinal slit 
parting the vertebra into two uneven 
portions. The part on the convex side 
contains the bulk of the vertebral 
body while the part mostly on the 
concave side is a thin, poorly calcified 
structure (Figs. 17-A, 17-B, 18-A 
through 18-D, 19-A, 19-B, 19-G, 
and 19-H). Frequently one may Fic. 18-E 
visualize the slit as being continuous 
with the line of cleavage between the epiphyseal ring and the vertebral body. The slit is 
the line of separation of the interior of the vertebra from its cortical shell (Figs. 10-A 
through 11-C, 16-A through 16-C). The double contour can be seen in one or more tho- 
racic vertebrae at the stage in which the deformity consists of the high thoracie curve 
only (Figs. I8-A, 18-B, 18-C, 18-D, 19-A, and 19-B). The double contour appears in the 
middle or low thoracic segments at the time the signs of penetration and compression 
start to predominate in the roentgenographic picture. 

Two characteristics should be stressed: (1) that the epiphyseal ring, broken in two 
or more parts, is displaced not only to the convex and to the concave side but that it 
also penetrates the vertebral body itself (Figs. 16-A, 16-B, 16-C, 19-G, 19-H, 19-1, and 
19-J); and (2) that osteoporosis seems to determine, at least partly, the degree of pro- 
gression of the deformity itself. If the development of osteoporosis is halted, the pro- 
gression of idiopathic scoliosis is slowed or is stopped. Thus it appears that the degree 


and progression of the osteoporosis, not the regional distribution of the primary curve 
alone as claimed by Port and by Ponseti and Friedman, largely determine the prognosis 
in idiopathic scoliosis. 

Most of the characteristics which have been enumerated are clearly seen in routine 
anteroposterior roentgenograms. What is going on in the vertebrae, however, is better 
shown when the roentgenograms are made with the patient in the postero-anterior posi- 
tion. Postero-anterior roentgenograms have brought to light a number of features of the 
condition not otherwise clearly observed. The most conspicuous of these features is the 
presence of more or less broad channels crossing the vertebra frontally or obliquely or 
criss-crossing the entire vertebral body. It has been noted that these channels may be 
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Fig, 19-A Fic. 19-B 


Roentgenograms show a left high thoracic curve in an eleven-year-old girl. The spine below 
the level of the filth thoracic vertebra is, as yet, little involved. There is marked generalized 
atrophy of the spine. Parts of the epiphyseal rings of the fifth, sixth, and seventh thoracic 
vertebrae are displaced to the concave side (arrows in Fig. 19-B). Double contours are seen 
on the concave side of the curve at the fourth and fifth thoracic vertebrae. 


continuous with the separating line between the components of the cortical shell and the 
interior of the vertebra 

In healthy persons, the presence of these channels can be visualized until the age of 
about fifteen. Llowever, in healthy children these channels are surrounded by denser 
bone, are filled out later on, and disappear with the passing vears. Frohlich, Hahn, Han- 
son, and Pitzen observed channels within the vertebral body occasionally in lateral 
roentgenograms. Hanson showed one specimen in which frontal channels could be fol- 
lowed throughout the twelfth thoracic vertebra in a case of spondylitis in a five-year-old 
boy. He thought that these were venous channels, carrying and storing bone-marrow cells. 

Whether or not the channels observed by the author are identical with those ob- 
served by Hahn and others is hard to decide. In idiopathic scoliosis, the channels are a 
regular occurrence, and they are encountered even beyond the age of twenty-five. The 
channels appear to be part of the general pathological process in the thoracic spine. Their 
connection with the epiphyseal ring and its line of separation has been definitely estab- 
lished roentgenographically in several instances (Figs. 1O-A through 11-C) 

Rotation of the trunk to the convex side and rotation of the shoulder girdle to the 
‘hump” 


right side in a right convex thoracic curve, a movement which makes the thoracic 
disappear (Figs. 5-A through 6-D), showed that the compressed vertebrae, especially in 
the earlier stages, consist of two distinct portions. One is a porotic, although calcified, core 
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Fig. 19-C Fig. 19-D 
Roentgenograms of the scoliotic curve made three years later with the patient in the supine position. 
The severe right thoracic curve has its peak at the ninth thoracic vertebra. Atrophy is still present, 


Fig. Fig, 


Roentgenograms made at the same time as Figs. 19-C and 19-D with the patient in the erect position. 
Note the displacement of the epiphyseal ring and the apparently poorly ossified shell of the fifth and 
sixth thoracic vertebrae. The thoracic spine penetrates the thorax. Between the sixth and seventh 
thoracic vertebrae there is ‘step formation”, 
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and the other is a much less dense, apparently still largely cartilaginous, portion. That 
this is the case can be demonstrated by the observation that COM PLEsse d vertebrae appe ared 
lo regain normal height as seen in the roentgenograms during the movement (Figs. 19-G 
through 19-J). The compressed part which consists of porotic ossified tissue remains com- 
pressed, while the largely cartilaginous portion emerged and restored, in the roentgeno- 


gram, the compressed vertebra to a normal size. This movement sheds some light on the 
role played by the intravertebral channels. While they had often not been visible for- 


merly, during the probable release of compression the channels opened up. It seems that 


in the process of compression the collapse of the “‘empty spaces”’ within the vertebral 
body also plays a part. 

If one applies lateral traction to the con- 
cave side of the curve, such as that used in 
correction preceding therapeutic fusion, with 
the patient in prone position, postero-anterior 
roentgenograms reveal a significant feature of 
the pathological process of idiopathic scoliosis. 
A denser porotic part, assuming the form of the 
vertebra but of smaller width, moves toward 
the concave side, while a more translucent, 

almost structureless part of 
smaller size remains in the con- 
vex side. As previously men- 


Fie. 19-H Fig. 19-1 


Fig. 19-G: Postero-anterior roentgenogram made without any 
bending of the trunk. There is atrophy of the spine, and at the third 
thoracic vertebra on the right side there is a double contour. (The 
roentgenogram has been reversed 


Fig. 19-H: This postero-anterior roentgenogram was made with 
the girl’s right shoulder rotated to the right (backward toward the 
convexity). Portions of the seventh and eighth thoracic vertebrae, 
poorly calcified and probably still cartilaginous, have emerged on the 
left (concave) side of the curve and seem to have restored the com- 
pressed vertebrae (Fig. 19-F) to normal size. Wide channels cross the 
eighth thoracie vertebra frontally and obliquely; these were not seen 
in Fig. 19-G. A channel, similar to those seen in the eighth thoracic 
vertebra, crosses the seventh thoracic vertebra frontally; this is 
calcified. Note double contours on the left side of the seventh, eighth, 
and ninth thoracic vertebrae. (The roentgenogram has been reversed. 

INTRUDING EPIPHYSEAL RING 
4 Fic. 19-J Fig. 20-A: Roentgenogram of the spine extending from the fifth 
thoracic to the ninth thoracic vertebrae in a seventeen-vear-old girl 
Arrows point out channels crossing the sixth, seventh, and eighth thoracic vertebrae frontally. At the 
lower edge of the eighth thoracic vertebra, the arrow indicates an osteophyte 

Fig. 20-8: Postero-anterior roentgenogram of the spine in a seventeen-year-old girl with left high 
thoracic, right thoracic, and left lumbar scoliotic curves. (Roentgenogram has been reversed.) 
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Fig. 20-C: Roentgenogram of the fourth to the eighth thoracic vertebrae. Large portions of the 
fourth and fifth thoracic vertebrae are still cartilaginous (note what appear to be large cavities in 
the lower portion of the vertebrae). The upper portion of the epiphyseal ring of the sixth thoracic 
vertebra is disrupted. There are faint shadows of channels crossing the fifth, sixth, and seventh 
thoracic vertebrae frontally (arrows). 


Fig. 20-D: Postero-anterior roentgenogram made 
after lateral traction had been applied. All vertebrae 
from the fifth to the tenth thoracic level consist of two 
portions which are well defined and are separated from 
each other. The arrow at the lower left edge of the 
ninth thoracic vertebra points out an osteophyte. (The 
roentgenogram has been reversed. 


Fic. 20-B 


Fic. 20-D 
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Fig, 21-A 
Anteroposterior roentgenograms 
of the spine of a fourteen-year-old 
girl with right thoracie and left 
lumbar idiopathic scoliotic curves 
There is atrophy of the thoracic 
spine. The seventh, eighth, ninth, 
and tenth thoracic vertebrae con 
sist of a dense core and a light hull 

(arrows 


Fig. 21-B 


tioned, forward rotation of the shoulder on the convex side also brought to light a vertebra 
consisting of two portions. One portion is a dense, compressed core, the other a less dense, 
non-calcified or incompletely calcified structure surrounding it or lying beside it (Fig. 
20-D). The thoracic vertebrae in idiopathic scoliosis appear to consist of two portions: 
a dense, calcified core and a still cartilaginous or poorly ossified part. The latter may 
assume forms of a veritable hull (Figs. 21-A and 21-B). 

The separation of the cortical shell, with the epiphyseal ring in the state of slipping, 
and the channels crossing or criss-crossing the vertebra may be explained in the disturb- 
ance of ossification preceded or accompanied by systemic atrophy of the thoracic spine. 
The distinetion between the denser, calcified core and the non-calcified hull may shed 
light on the etiology of these processes. In the roentgenographic study of vertebrae 
formed of calcified and non-calcified portions, one is struck by the resemblance of their 
characteristics to the roentgenographic features regarded as signs of hunger osteopathy, 
osteomalacia, rickets, or late rickets (Figs. 21-A and 21-B). This resemblance is a matter 
of great significance and requires clarification. 

It seems that the poorly calcified portions of the vertebrae, with or without parts of 


the epiphyseal ring, are extruded into the paravertebral space. There they become 
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compressed and assume the forms of osteophytes (Figs. 20-A, 20-B, and 20-C). In older 


patients, one may find large calcified portions of the epiphyseal ring extruded into the 
paravertebral space (Figs. 12-A, 12-B, and 20-D). 

The role of the epiphyseal ring in the scoliotic process has been demonstrated 
those cases in which it has either not been formed or it has been deficiently formed. The 
vertebral body is flattened, low, and wide; and the bone is cracked, indented, or nearly 
broken into two or more parts (Figs. 17-A and 17-B). The vertebral cortex is widely 
separated from the interior of the body, and the line of cleavage is continuous with the 
separating line of the deficient epiphyseal ring. In such instances, the double contour 
appears to be the line of separation between the vertebral cortex and the interior of the 
vertebra. In other instances, there is no slit, but there are two parallel vertical contours. 
One of these seems to be the border of the vertebra, and the other, within the vertebral 
body, appears to be the line separating the calcified portions from the non-calcified « 
poorly calcified parts (Figs. 17-A and 17-B). This is a pathognomonic sign of great v wrt 

In the beginning, the epiphyseal ring is displaced to the side which later becomes the 
convexity (Figs. 18-A through 18-D). The dises, however, due to their elasticity apparently 
replace it, at least to a great extent. The dis- 
placement of the epiphyseal ring to the con- 
vex side represents the first step in pene- 
tration. It pulls the vertebra, sometimes the 
entire segment, with it. This can be seen 
while the process is in a florid stage by the 
comparison of the roentgenograms made 
with the patient in the supine position with 
those made with the patient erect. A ver- 
itable subluxation occurs with a definite 
“step” between the more penetrated and 
less penetrated portions of the spine (Figs. 
19-C through 19-F). 

Penetration enhances the possibility 
of compression, since the weight of the super- 
incumbent body rests more heavily on the 
concave side. The observation that the peak 


of the curve is usually found at the seventh, 


Fic, 22-B 


Vertebrae from the apex (ninth to eleventh thoracic vertebrae) of an idiopathic scoliotic curve (the 
convex side is on the right). The articular facets are greatly enlarged on the right (convex) side and 
are greatly diminished on the left (concave) side 
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eighth, or ninth thoracic ver- 


tebra shows that in that area, 


at the geometrical center of 


the spine, the greatest com- 


pression and bending stresses 


occur. 
In the lumbar spine prac- 


tically no displacement of the 


epiphyseal ring occurs. One of 
the reasons for this is that the 


weight of the superincumbent 


spine seems to play a very 
important role in keeping the 


epiphyseal ring in place. If 
- ¢ this be the case, the separa- 
tion of the epiphyseal ring 

ought to be most common in 

the high thoracic segments 


where weight is less and mo- 


bility is greater. The constant 


i use of the shoulder girdle and 

the incessant movements of 

ig the head necessarily render 
the low cervical, high thoracic 
segments more vulnerable to 
disturbances in the develop- 
, ment and fusion of the epi- 


a, physeal ring than in any other 
segment of the vertebral col- 

t= Postero-anterior roent- 
Fig. 23 genograms of the low cervical, 


Roentgenogram of the spine of a twenty-vear-old girl with para 
ears’ duration. The articular facets appear to serious disturbance in the os- 


high thoracie region show a 


Ivtie scoliosis of ten \ 
be well preserved and of about equal size on the convex and concave | | f 
sides of the thoracic spine, despite the marked rotation sification and development oO 


the epiphyseal ring still going 


on when the deformity has already shifted from the high thoracic segment to the mid- 
cervical, high thoracic vertebrae sometimes 


thoracic or low thoracic levels. The low 
appear as though they had no regular epiphyseal ring at all, and large parts of the verte- 
bral body still consist of cartilage to such an extent that they appear on the roentgeno- 
’ (Figs. 20-A, 20-B, and 20-C). The intravertebral channels 


grams to have large ‘cavities’ 
still exist at an age when the rest of the deformity has reached the stage of slow progres- 


sion, that is, long after growth has stopped 
The presence of a longitudinal slit between the vertebral cortex and the trabecular 


system within the body, occasionally observed in the lower cervical and high thoracic 


vertebrae, is probably also due to the relative instability of this segment (Figs. 19-G 


through 19-J) 
The epiphyseal rings in the lumbar spine are much bulkier, thicker, and wider than 


are those in the thoracic spine, and they occupy a much larger segment of the vertebral 


surface than do those of the thoracic spine. They may also undergo earlier fusion, if for 


no other reason than the pressure of superincumbent weight. Yet it is not uncommon 


to find parts of the epiphyseal ring squeezed out of the vertebral area, especially in the 
25-A and 25-B). 


first and sometimes in the second lumbar vertebrae (Figs 
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The literature on the epiphyseal ring is scanty. In connection with scoliosis, only one 
reference could be found, that of Dyes in 1931. He claims that the epiphyseal ring is 
markedly higher and denser on the convex side and that on the concave side it might be 


missing. 

Thus penetration and compression are characteristics of the same pathological process 
and are related to faulty or deficient development and fusion of the epiphyseal ring with 
the vertebral cortex and to osteoporosis. 

During penetration and compression, 
the spine enters the space surrounding it by 
means of rotation. All this can be observed 
by comparing roentgenograms made with 
the patient in the supine and erect positions. 
The formation of the secondary curves 
takes place similarly; this will be discussed 
in a forthcoming study. 

The pathological movement of pene- 
tration is coupled with capsular contrac- 
tures. The latter, however, would be insuffi- 
cient to allow such excursions as are ob- 
served in scoliosis. The examination of the 
scoliotic skeleton discloses that the 
articulations of the thoracic spine a true 
subluxation (later a dislocation) takes place. 
The articulations on the convex side are 
enlarged and become deeper and wider as 
the deformity increases. On the concave 
side, the articular facets degenerate, be- 
come smaller, and lose their cartilaginous 
covering to such an extent that sometimes 
only a trace of it remains (Figs. 22-A and 
22-B). 

On the roentgenogram this phenom- 
enon is hard to observe because the articular 
facets of the upper vertebra covering those Fic. 24-A 


Fig. 24-B 


Vertebral specimen with mild right lumbar scoliosis. There is spina bifida occulta of the fourth lumbar 
vertebra. Note that the upper right facet of the fourth lumbar vertebra is more oblique than the corre- 
sponding facet on the left and that the lower right articular process is short, while the corresponding 
process on the left is longer and is more bulky. 
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Fig. 25-B 


Roentgenograms of the spine of a woman, thirty-two years old, with right lumbar scoliosis and multi- 
ple congenital anomalies. The upper right facet of the fifth lumbar vertebra is rudimentary. There is 
displacement of the epiphyseal ring at the left lower edge of the second lumbar vertebra. Fig. 25-B 
shows the spine in derotation with overcorrection of the curve 


beneath are very thin, and their bony bases are composed of highly radiotranslucent can- 
cellous bone which gives very little shadow. On these roentgenograms in very early cases 


of idiopathic scoliosis of the thoracic spine the concave articular facets conspicuously 


diminish in height and in width, a phenomenon only partly due to the rotation of the 
vertebrae. This is a real diminution of the facets on the concave side due to diminished 


contact between the articulations and accompanied by diminished pressure. This leads to 


disintegration and, later, to the disappearance of the facets. The diminution of the facets 
is an early and ominous sign indicating that the deformity is progressing (Figs. 18-A 
The part which vertebral rotation plays in this phenomenon may be 


through 18-D) 
assessed by comparison of the curves of idiopathic scoliosis with the curves of paralytic 
In the latter the diminution of the facets as seen in roentgenograms is absent 


scoliosis 
even when marked rotatory curves have developed over a rather prolonged period of 


time (Fig. 23) 
The subluxation or even dislocation of the apophyseal joints is made easy by their 


anatomical construction 
Fick emphasizes that the intervertebral articulations of the thoracic spine possess a 
“wobbling joints’, apparently vielding to displac- 


rather loose capsule which makes them 


ing forces 
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Fic. 26-A Fic. 26-B 


Roentgenograms of the spine of a male, thirty-eight vears old, with a right lumbar scoliotic curve 
and multiple congenital anomalies. The lower right facet of the third lumbar vertebra is short, broad, 
and malformed; the lower left facet of the fourth lumbar vertebra is missing (Fig. 26-B). 

Fig. 26-B shows derotation of the spine with the scoliotie curve decreased. 


THE LUMBAR TYPE OF IDIOPATHIC SCOLIOSIS 


The observation stressed by the author in earlier studies that the thoracolumbar and 
lumbar curves are essentially rotatory curves without penetration and compression or with 
negligible penetratioi and compression * ® © 7 brings one to an understanding that the 


site of the primary disturbance leading to deformity is in the neural arch. In the neural 


arch and the apophyseal articulations, rotation, both physiological and scoliotic, takes 
place. 

The lumbar form of idiopathic scoliosis consists mainly in the elements of articular 
contracture and rotation. Both of these are accessible to correction. Hence derotation and 
bending of the lumbar spine to the convex side will not only correct the deformity but 
might also produce true, although temporary, overcorrection (Figs. 26-A and 26-B). 

The observation that no separation or very little separation occurs in the components 
of the vertebral cortex and that compression of a great degree is encountered in the lumbar 
spine may be explained by the following: 

1. The epiphyseal rings of the lumbar vertebrae are much thicker and much wider 
than those of the thoracic spine; 

2. The epiphyseal rings are kept in place by the weight of the superincumbent spine 
and by the lumbar lordosis; 

3. The interior of the lumbar vertebrae is much bulkier than that of the thoracic 
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vertebrae and consists of a 
strong central pillar. The lat- 
eral trabeculae which are 
a thick network may bring 
about an earlier and firmer 
fusion between the epiphyseal 
ring and the vertebral body. 
This is especially true since 
they are subjected to much 
greater pressure. 

In the lumbar spine, the 
degree of rotation depends, 
roughly speaking, on the 
width of the space between 
the articular facets facing 
each other. If the space is 
wider than the normal, the 
gap between the facets be- 
comes wider too, so that rota- 
tion may increase. As previ- 
ously mentioned, this gap is 
widened by lumbar kyphosis 
and by changed divergence 
(obliquity) of one or both 
facets. 

Increased obliquity of the 
inferior facets is frequently en- 
countered in spina bifida oc- 
culta and is such that the gap 
between the spinous processes 
forms a weak spot in the 
neural arch. Physiological 
movements of the lumbar 
spine bend the facets on one 
side because the neural arch 


Fig. 27-A does not consist of one piece, 
Roentgenogram of the spine of a fourteen-veer-old girl with right but of two. The slit produced 
thoracic and left lumbar scoliosis (the combined type by the non-union of the spi- 
nous processes may become 
wider, causing the articular facets to become more or less oblique. Thus, the gap between 
the corresponding facets widens on one side and narrows on the other (Figs. 24-A and 24- 
3). More serious in its consequences are the cases in which there is a true laminar defect. 
In these, the neural arch is divided into two parts. The facets are either rudimentary or 
are not to be seen. Sometimes no articular processes, or faulty articular processes, are 
observed 
\nother cause for the incomplete attachment of facet to facet is the insufficient 
length of the superior facet. The latter may not cover the entire surface of the in- 
ferior facet, since it may be too short to do so. In other instances, the upper facet does 
not reach the lower facet because it is either too short or is deformed (Figs. 25-A, 26-A, 26-B, 
and 27-C) 
The most severe cases are those in which the inferior facet is malformed or is insuffi- 
ciently developed, and the inferior facet, instead of embracing the superior facet from the 
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lateral side, ascends medially to it. In some instances, the superior facet may be not present 
at all or may be only a rudimentary structure (Fig. 27-C). 

In the lumbar type of idiopathic scoliosis, the disturbance leading to the deformity is 
in the neural arch the functional segment of the vertebra. 

In all instances of this type of idiopathic scoliosis, derotation of the lumbar spine 
either straightens the lumbar curve completely or decreases it considerably. Thus, the 
rotatory factor is shown to be the main element in the deformity. Increased pathological rota- 
tion is, therefore, made possible by definite anomalies in the neural arch; this proves that 
the lumbar type of idiopathic scoliosis is essentially of congenital origin. 

\nother argument in favor of the congenital nature of the lumbar type of idiopathic 
scoliosis is that the incidence of left convex curves and of right convex curves, at least in 
the material of the author, is about the same. This is in accordance with the observed 
incidence in other congenital anomalies of the skeleton without predominance on either 
side. The partially asymmetrical gait causes the predominance of right convex thoracic 
curves since the pathological anatomical process concerns the entire vertebra. The con- 
genital anomalies in the neural arch of the vertebrae appear to be dominant over the impact 
of gait. For the impact of gait to dominate in the process would require the predominance 
of left convex curves, as is seen in physiological scoliosis. 

Derotation is easily carried out by rotating the pelvis in the direction of the deviation 
of the spinous processes, that is, toward the concavity of the curve. It is done simply by 
elevating the side of the pelvis on the convex side with a pillow (Figs. 25-A and 25-B) 
Derotation enables us to see the extent of the congenital anomaly and to discern its 
nature 

With advancing years, mild signs of compression may be seen with parts of the 
epiphyseal ring extruded into the concavity of the curve, especially at the first lumbar 
vertebra and rarely at the second lumbar vertebra (Figs. 25-A and 25-B). The emergence 
of the compression may be caused by: 

|. The long time elapsed after the establishment of the deformity with greater 
weight resting on the concave side of the vertebra; 

2. The gradual decrease in the elasticity of the dises——a physiological accompaniment 
of the process of aging which exposes the vertebrae to increasing pressure ; 

3. Osteoporosis of the spine beginning with advancing age. 

Two elements of this type of scoliosis deserve consideration. The first is the frequent 
subluxation of the symphysis. Whether this is secondary to the deformity or a primary, 
congenital sign, findings in early cases of scoliosis shall decide. 

The second element is the shortening of the lower extremity on the side of the con- 
vexity of the curve. This element has been found in such a large number of cases that the 
author presumes that it is one of the congenital anomalies encountered in this form of 
scoliosis. Since shortening of one extremity (as in congenital dislocation of the hip) is 
regularly not followed by scoliosis, its etiological significance with regard to scoliosis lies 
apparently in its association with other congenital anomalies in the lumbar spine. 

In general, the thoracolumbar and lumbar curves are prognostically more favorable. 
\n important characteristic of the curves is that all of the vertebrae forming the curve are 
rotated in the same direction. The frequently mild secondary curves may show little or no 
rotation. If they show rotation, the direction of rotation is identical with that of the pri- 
mary curve. This will be discussed in forthcoming studies. 

It is worth mentioning that in the “juvenile” form of the low-back syndrome, which 
frequently starts in the late twenties, the lumbar type of idiopathic scoliosis is encountered 
in the majority of patients. In the concept of this author, the rotation of the vertebrae 
narrows the intervertebral foramina, affects the neurovascular structures which emerge 
there, and may eventually lead to the congestion of the intraspinal venous system and 
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COMBINED THORACIC AND LUMBAR CURVES 


It is not infrequent to encounter severe forms of scoliosis in which a great number of 
congenital anomalies occurring in the lumbar spine are coupled with signs encountered in 


idiopathic scoliosis of the thoracic spine (osteoporosis, deficient formation of the epiphyseal 


ring, the separation and displacement of the epiphyseal ring, large or small channels within 
the vertebral body, failure of fusion between the cortex and the trabecular system mani- 
fested in double contours, fissures, cracks, and signs of non-ossified or poorly ossified struc- 
tures within the confines of ossified portions of the vertebral body) (Figs. 27-A, 27-B, and 
27-C). 

As previously mentioned, this form is prognostically the most serious, since it involves 


the entire spinal column. 
THE PROGRESSION OF IDIOPATHIC SCOLIOSIS 


It has to be assumed that all forms of idiopathic scoliosis start at a very early age. 
It is not possible to say when idiopathic scoliosis begins until the infantile form of scoliosis 
has been carefully analyzed. 

There are a number of important factors to be mentioned. It frequently occurs that a 
real idiopathic scoliosis in the upper thoracic segment develops but stops at a mild stage. 
This has been observed mostly in males. 

Another feature of significance is that idiopathic scoliosis does not develop gradually, 
getting worse and worse as the years pass. Frequently, after its first establishment in the 
upper thoracic segment, the entire process seems to have stopped. A few years after the 
scoliosis has been diagnosed everything seems to have returned to normal except for the 
upper dorsal curve which had not materially changed. There are at that time hardly any 
signs of further involvement of the middle or lower segments; only a generalized atrophy 
and signs of mild compression are present. Then at the age of ten to twelve years a fully 
developed and uncontrollable idiopathic scoliosis is present (Figs. I8-A through 19-F). 

The age of the first stretching (up to the age of four) and that of prepuberty bring 
idiopathic scoliosis into full swing, thus demonstrating the connection of idiopathic 
scoliosis with the physiological process of growth and ossification. 

Whether the lumbar type belongs to the well defined entity of idiopathic scoliosis is 
questionable. The fact that the lumbar type is definitely of a congenital nature would 
exclude it. However, the decision has to be deferred until the possibility of congenital 
manifestations in the thoracic type has been clarified, since the combined thoracolumbar 
type is unquestionably congenital in character. 

In the present paper it has not been possible to discuss all of the questions and prob- 
lems relating to idiopathic scoliosis. Among the problems, a discussion of which has been 
deferred, are secondary curves, convex rotation, and the relationship between deformity 
and posture. Also deferred is a discussion of therapy; this has been reserved for « forth- 
coming study. 

COMMEN' 


1. The presence of vertebral channels in the form encountered in idiopathic scoliosis 
is probably part of a pathological process characterized by atrophy. 

2. Since atrophy may be the remote cause of the separation of the epiphyseal ring, it 
thus may be the primary pathological process in scoliosis. 

3. The separation and displacement of the epiphyseal ring, the outstanding feature 
in the development of deformity, may be analogous with a slipped epiphysis at another 
site. The slipped epiphysis, either in the femoral head or in multiple slipping, is usually 
preceded or accompanied by definite atrophy of the structures around the area of separa- 
tion. 

4. Generalized atrophy and the separation of the vertebral cortex from the intra- 
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vertebral trabecular system deprive the vertebra of the most efficient factor in counter- 


acting compre lon 

5. Since growth of the vertebra takes place within the body bordered by the vertebral 
cortex, it necessarily follows that the compression of the structures serving growth is 
accompanied by the disturbance of growth. Thus, the retarded growth of a vertebra is a 


secondary trait of idiopathic scoliosis and not the primary factor as claimed by Port and 


others 
6. Slipping of the epiphyseal ring in the lumbar spine is nearly always a late phenom- 
enon. However, this is not always the case, especially when serious disturbances in the de- 


velopment of the laminae are present. In such cases the slipping may already have taken 


place in the second decade of life 

7. Congenital anomalies are not restricted to the lumbar spine. Careful search may 
disclose them also in the thoracic and even in the cervical region. 

8. ‘The question may justifiably be raised of whether or not the pathological process 
deseribed in this study is not secondary to the development of scoliosis. In the thoracic 
spine the characteristics of the pathological process have often been found in the vertebrae 
several years prior to the development of the main curve. An even more cogent reason for 
the assumption of this author is offered by the forms of scoliosis definitely other than 
idiopathic in their orgin. Paralytice scoliosis, post-thoracoplastic scoliosis, and congenital 
scoliosis show hardly any of the signs described in this study which are attributed to 
the main pathological process of idiopathic scoliosis, despite their long standing. 

In the lumbar spine the changed obliquity of the lateral facets might be attributed 
to the deformity Naturally the obliquity changes with the increase of rotation. However, 
if rotation were the primary factor modifying the obliquity, the latter necessarily would 
be found in all vertebrae concerned. This is definitely not the case. Moreover, the presence 
of the obliquity in one or two facets is hardly ever the only congenital abnormality. 
Finally the observation that the incidence of right convex and left convex curves is roughly 


the same leaves little doubt of the congenital nature of the deformity. 


SUMMARY 


1. Scoliosis has four fundamental characteristic features as seen in the roentgeno- 
grams: Penetration or a transverse shift of the spine into the space surrounding it, con- 
tracture of the spine, rotation of the vertebrae, and compression of the vertebrae on the 
concave side of the curve 
Penetration and compression are the essential scoliotic signs and are not en- 


countered under physiological conditions 
3. The prevention of penetration is physiologically carried out by a passive mechanism. 
$. The universal mechanical factor of all forms of acquired scoliosis is human gait, 


which ih the presence ol a definite pathological process brings about the deformity. 
5. Rotation of the shoulders and of the trunk, or of the pelvis, is accompanied by 
rotation of the spine in the opposite direction 

6. The compression on the concave side is a primary characteristic of idiopathic 
scoliosis in the thoracic spine 

7. The vertebra is protected against undue compression by the dise, by the carti- 
laginous plate, and by the vertebral cortex which is composed of the end plates covering 
the upper and lower surfaces, of the circular bony hull, and of the epiphyseal ring. 

8. The separation of the vertebral cortex from the intravertebral system, notably 
the separation of the epiphyseal ring and its partial displacement, represents the basic 
pathological process of idiopathic scoliosis in the thoracic spine. Separation is preceded 
by the infantile (juvenile) form of osteoporosis of the spine. 

0. Postero-anterior roentgenograms reveal the presence of channels crossing the 


vertebrae in a frontal direction 
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10. The compressed vertebrae, as seen in the early stages, consist of two distinct 


portions: One is an ossified and porotic part, the core; the other, surrounding it or lying 


beside it, is a poorly or non-calcified, still more or less cartilaginous, portion 

11. Ina typical case, idiopathic scoliosis of the thoracic spine starts in the cervico- 
thoracic segment, and several years may pass before the middle and lower thoracic regions 
become involved. The process in the uppermost region presumably begins in the first 
four years of life. 

12. Penetration and lateral movements, to the extent observed in scoliosis, are caused 
partly by subluxation in the articulations between the vertebrae. 

13. Since idiopathic scoliosis of the lumbar spine is essentially of a rotatory nature 
without compression, a distinction is made between idiopathic scoliosis of the thoracic 
and lumbar spine. 

14. Idiopathic scoliosis of the lumbar spine is made possible by congenital anomalies 
in the articular system of this region. The disappearance or decrease of the lumbar 
lordosis materially contributes to the development of the deformity. 

15. Extrusion of the epiphyseal ring, if it occurs at all, is mostly a late phenomenon 
in the lumbar region. 

16. The lumbar type of idiopathic scoliosis is characterized by rotation in the same 
direction of all vertebrae involved. The lumbar type is prognostically more favorable than 
the type involving the thoracic spine. 

17. The prognostically most serious cases are those in which the congenital anomalies 
in the lumbar segment are combined with the pathological process encountered in the 
thoracic type of the deformity. 


Nore: The author wishes to express his gratitude to Dr. Arthur Steindler for his invaluable interest in 
this study and for his kind permission to use material from his department, gathered during this author's 
association with the State University of lowa, lowa City, lowa. The author also wishes to thank Dr. Milton J. 
Wilson, Professor of Orthopaedic Surgery, New York Medical College, Flower-Fifth Avenue Hospital, for 
his helpful support; Dr. J. C. Hayner, Professor of Anatomy, and Dr. A. Plachta, Instructor of Pathology, 
New York Medical College, for their kindness in supplying the necessary specimens; and Dr. Harvey H. 
Lewis, Metropolitan Hospital, for his devoted help during the preparation of this study 
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DISCUSSION 


PIPHYSEODESIS 


(Continued from page 5545) 


insert a nail accurately from the trochancerie region, whereas I can place pegs accurately because the neck 


and most of the head can be clearly seen and only a short distance must be traversed 


Louts, Mtssourt: [ would like to ask two questions. The first is how to decide 


Dr. J. Acsertr Key, St 
whether or not to perform this operation if the roentgenographic findings are normal. I have seen many older 


children and adolescents with hip symptoms whose symptoms subsided without operation. I feel that, if we 


ire going to stop the growth of an epiphysis and subject the patient to such an extensive procedure, we 


ought to be sure that we are dealing with a slipped epiphysis and not with an ordinary synovitis or another 


condition which will get well without surgery 
The other question is: Has anyone considered the question of shortening? There are people who believe 


that there is no growth at the capital epiphysis of the femur, but, if that were true, it would indeed be an 


unusual epiphysis. The hazard of shortening must therefore be kept in mind. I have seen short necks after 


epiphyseal fusion 


MeCarroll that one should generally be conservative. I have not 


Dr. Heyman (closing): L agree with Dr 
with my own results after nailing slipped epiphyses, and I have observed many pa- 


been satisfied, however 
tients of others in whom the results have not been good after nailing. Accordingly, I have sought a better 


method of treatment. One might cal) these clinical experiments 

Dr. Howorth has had more experience with the operation of epiphyseodesis. My results may be con- 
sidered as a confirmation of his conclusions 

Dr. Key's remarks are well in order. There are many instances, as we all know, when the diagnosis of the 
very early case of slipping is difficult. We do not recommend this operation as an emergency procedure with- 


out at least a short period of observation under protective care of the hip. When the diagnosis is unquestion- 


able, however, we believe it is best not to delay epiphyseodesis, for the hazard of complications is less in this 
Fusing the upper femoral epiphysis in this age group does not cause 


method than in conservative treatment 
any important disturbance in growth. The maximum shortening has been one-half inch, which is not of any 


clinteal significance 


r SURGERY 


BONE AND JOIN 


THE JOURNAL OF 


O54 
25 


TRAUMATIC SUBLUXATION OF THE RADIAL HEAD IN YOUNG CHILDREN 


COLUMBIA, SOUTH CAROLINA 


M.D., 


AND FRANCIS H. GAY, 


JAMES T. GREEN, M.D., 


BY 


A screaming young child with a dangling arm requires immediate attention. Seven 

such cases within six months created sufficient interest to prompt the authors to review 
the literature on traumatic subluxation of the radial head in children. Van Arsdale in 
a very lengthy treatise gives credit to Hippocrates for an early description. He also 
credits Fournier for first accurately describing the injury (1671). He refers to many 
authors who wrote on the subject in the eighteenth and nineteenth centuries, many of 
whom were either German or French. Since Van Arsdale’s paper, there have been rela- 
tively few articles and none could be found recorded in The Journal of Bone and Joint 
Surgery. Many of the commonly used textbooks make no reference to it. A few describe it 
adequately®.”. Boyette states that this injury is a pediatric problem and that “ By referral 
and conversation it has been learned that orthopedists generally are not familiar with 
subluxation of the head of the radius . . .”°. Costigan urges that a more prominent place 
be given to this entity in orthopaedic and traumatic texts. A few additional articles!+* 
were found in which cases were reported. 

This joint injury is apparently a rather frequent one, and a description of it should 
be available to all orthopaedic surgeons. The purpose of this paper is to recall the entity 
and to present the typical clinical picture as observed in seven cases. Nothing original is 
claimed in this presentation. 

All of the patients were referred by physicians who had seen the children. In two, 
the diagnosis of brachial plexus injury had been made. All of the children in this series 
were between one and three years of age. Six were seen within two hours of the injury. 
One was seen the next day. One child was seen for two separate episodes. 

The history in each case was essentially the same. A sudden pull had been exerted 
on the child’s extended arm in an attempt to keep him from falling. Immediately following 
the injury, the child began to scream, refused to use the arm, kept it dangling at the side, 
and resisted any attempts to move the extremity. In all cases, the parent or the nurse 
who was responsible for the injury was extremely apprehensive that she had caused some 
irreparable damage. When the child was first seen, the involved arm appeared flail. The 
child consistently refused to use the arm, and the forearm was held in pronation. 
Gentle attempts to examine the elbow caused the child to pull away. It was difficult to 
demonstrate a point of maximum tenderness; in two cases, there appeared to be elbow 
tenderness. Finger motion could be demonstrated in four of the children, a lollypop being 
used as a lure. There was no swelling or discoloration. All motions of the shoulder, elbow, 
and wrist were resisted. Color, temperature, and pulse were normal. 

foentgenograms of the arm revealed no abnormality in the bones or joints. The 
development of the arm appeared normal in all, and the center of ossification for the head 
of the radius had not appeared. 

Treatment in all cases consisted in gentle flexion of the elbow to 90 degrees, appli- 
cation of mild pressure over the radial head with the thumb, and gentle rotation of the 
forearm. As the forearm was supinated, a click could be felt in the region of the radial 
head. Gentle manipulation was all that was necessary in six of the seven cases. The seventh 
child required fairly firm manipulation. No anaesthesia was required. As soon as the 
elbow “click”? was palpated, there was a spectacular change from a erying child to a 
peaceful child who was willing to use the arm almost immediately in a normal manner. No 
type of immobilization was used after the first incidence of subluxation. 


(Continued on page 662) 


JUNE 1954 


VOL 3 


36-A, NO) 


‘ ‘ § 
weer 
a 
a 


sICEPS BRACHITL FOR TRICEPS WEAKNESS 


OF THE 


TRANSPOSITION 


PHILADELPHIA, PENNSYLVANIA 


BY Z. BKB. FRIEDENBERG, M.D., 


From the De partment of Orthopaedic Surgery, 


ify of i nnsyl anid Hospital, Philade Iphia 


The surgical treatment of disability of the elbow due to muscle weakness resulting 


from poliomyelitis or other flaccid paralysis has usually been concerned with the restora- 


tion of flexion, since gravity extends the elbow and paralysis of the triceps seldom causes 
However, if there is marked weakness of both the lower extremities 


significant disability 
sufficient muscle power to lock the elbows in extension while the patient 


and the trunk 
king, arising from a bed or chair, or reaching for objects overhead is an im- 


is crutch-wa 


portant asset 
Ober and Barr! reported a series of patients handicapped by triceps weakness who 


were treated by transposition of the brachioradialis muscle by rerouting of this muscle at 
In each case the extensor power was increased so 


the elbow to a more posterior position 
that the patient could maintain extension of the forearm against gravity. 


The patient re ported here was severely handicapped by paralysis of his lower limbs 
and trunk. Although he had normal flexion of the elbows and could lock his elbows if he 
supported himself on a chair or on his crutches with his hands, his elbows would buckle 


when he attempted to rise from a chair and to support himself with his crutches. It was 


believed that this patient needed vrenater power of extension than could be obtained hy 


transplantation of the brachioradialis. Accordingly, transplantation of the biceps was 


undertaken 


He had had a severe attack of 


\ I i male twenty-one veurs of age woes first seen mn April 1951 
goth lower limbs were flail, and there was weakness of both the abdominal 


poliomvelitis eight months betore 
ind the spinal museles. The upper extremities were normal with the exception of both triceps muscles, which 


were rated as poor 
The patient was fitted with long braces and a spinal support, but made poor progress in crutch-walking 


since, because of weakness of the triceps, he was unable to bear weight on his hands in advancing his crutches. 


Pain and numbness in the upper extremities from pressure of the crutches in the axillae quickly followed 


inv attempt tow ilk more than a lew steps Furthermore 


the patient was unable to rise from his chair or to 


sit down without assistance because of his poor elbow stability 
In October 1952, the right biceps was approached through a straight incision, paralleling its lateral 


border and extending from ten centimeters above to five centimeters below the elbow. The musculocutaneous 


nerve was identified at the point where it becomes subcutaneous, emerging between the biceps and brachi- 


ilis muscles. It was mobilized from the undersurface of the biceps for a distance of about five centimeters. 


Further isolation was not attempted beeause of possible injury to motor branches of the brachialis and 


biceps museles. The bieeps tendon was dissected free from the lacertus fibrosus and divided close to its 


ittuehment to the radius. The muscle was then mobilized to a point ten centimeters proximal to the elbow 


The radial nerve was identified and protected from injury before the brachioradialis was retracted 


joint 


laterally 
\ second incision was then made over the olecranon process and the biceps tendon and distal muscle 


lateral border of the arm into this incision. The tendon was 


belly were passed subcutaneously across the 
\ flap of triceps aponeurosis which remained attached distally, 


found to be too short to reach the olecranon 
? 5 centimeters long, was fashioned and the biceps tendon was sutured to the flap. The arm was immobilized 


in full extension for four weeks, after which motion and muscle training were begun. An additional month 


was required for the transplant to gain funetion and for a full range of elbow flexion to be regained. Six weeks 
ible to extend the forearm against gravity plus seven pounds of resistance. 


ifter operation the patient wa 
His ability to handle a eruteh and arise from a chair with the aid of this arm was so much improved that 


ime pu wedure be done on his left side 


he reque sted that the 
The second procedure was done in June 1953 and differed from the initial procedure only in that a Z- 


Z following the flexion crease of the elbow to avoid the 


shaped incision was made, the middle arm of the 
the anterior aspect of the elbow 


development of a long str wht sear ovet 
One vear after the first and five months after the seeond operation he had a full range of elbow motion. 
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In spite of the biceps transplants, he could flex the elbows against a resistance of fifteen pounds bilaterally 
To determine how much weight was needed to overcome the extension power of the transposed biceps, the 
patient was placed prone upon an examining table, his arms fully extended, so that they projected outward 
from the sides of the table. With each shoulder rotated in order to keep the olecranon process superiorly, 
weights were added to a handle grasped in each hand. On the left, eight and one-half pounds and on the right 
seven and one-half pounds could be supported without flexion occurring in the elbow. The ability to extend 
and lock his elbows without awkward shifting of body 
weight had helped the patient to become independent, 
allowing him to move from bed to wheel chair to crutches 
without assistance. Before operation eruteh-walking had 


induced paraesthesia in the upper extremities because of 

the disproportionate amount of weight borne in the axillae. | 
This has been fully relieved and the patient’s ability to 


walk on crutches has increased 


Fic. Fig. 2 

Fig. 1: After transposition of the biceps, weights of five pounds can be supported against gravity with 
the elbows flexed. The patient is able to extend the elbows against a force of over eight pounds on the 
left and seven pounds on the right 

Fig. 2: The transposed biceps may be seen to stand out on the right when the patient assumes a 
sitting position. Prior to transposition of the biceps muscle he had not been able to support himself in 
this position. 


This procedure would appear to be of great value in the severely paralyzed patient 
who has flexor power of the elbow but lacks sufficient triceps power to lock the elbows in 
extension for crutch-walking and for getting in and out of bed or a wheel chair. 

Dr. Leo Mayer in a communication to the author has described a similar surgical 
procedure which is included in this report 


I. L., a sixteen-vear-old male, suffered a fracture-disloeation of the third and fourth cervical vertebrae 
as the result of a diving accident in 1949. When he entered the Hospital for Joint Diseases in Mareh 1951, 
there was complete paralysis of the upper extremities. Both elbows were held flexed at an angle of 50 degrees, 
because of the contracture of the biceps and brachialis anterior. Both tricipites were completely paraly zed 
Because of this peculiar condition, crutch-walking was impossible. [t was therefore decided that a transplanta- 
tion of the biceps was indicated. The operative notes were as follows: 

\ fifteen-centimeter incision was made over the anterior aspect of the elbow with a small horizontal arm 
at the crease of the elbow, so that the incision formed a long Z. The biceps tendon was ¢ X pose d and found to 
divide into a medial portion terminating in the lacertus fibrosus and a lateral portion which inserted into the 
radius. These portions of the tendon were divided as far distally as possible. They were stitched together by 
means of a few chromic sutures. The brachialis anterior was then exposed and was divided at its insertion 
into the coronoid process. Division of the biceps permitted extension of the arm to about 140 degrees. After 
division of the brachialis anterior, it could be extended to 155 degrees. The anterior wound was closed 

\ second incision, 7.5 centimeters long, was made on the posterior aspect ol the arm eX posing the Triceps, 
A superficial tunnel was formed which passed through the subcutaneous tissues and led from the anterior to 
the posterior wound Through this tunnel the biceps tendon was drawn. It was then passed oblique ly through 


a slit in the triceps tendon and fastened with three fine-wire sutures. The terminal portion was drawn through 
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i second slit. During this procedure the triceps was held taut and the arm was kept in maximum extension. 
The wounds were closed and a plaster-of-Paris splint was applied with the arm in extension of 150 degrees. 
The left arm was operated upon on April 2, 1951, and the right on May 7, 1951. The same procedure was 
carried out on both sides 
The clinical result was gratifying. The patient was able to extend both arms to about 150 degrees. Un- 
fortunately, however, the main purpose of the operation—to rehabilitate him sufficiently for crutch-walking 
vas not attained. This was due to the extensive paralysis of the trunk muscles and the marked weakness 
of the other museles of the upper extremity. From other points of view, however, the operative result was of 
the greatest value to the patient, since it enabled him to hold a book in a comfortable position, turn the 
pages, and, after several months, to begin to learn typewriting. When he was seen a year later, his mood had 
changed from one of despair to one of optimism. He was studying for his examinations, had learned to type- 
vrite fairly well, could eat by himself, and could even attend to his toilet needs. 
|. Over, F. R., and Barr, J. 8.: Brachioradialis Muscle Transposition for Triceps Weakness. Surg., Gynec., 
ind Obstet., 67: 105-107, 1938 


A UNIVERSAL-JOINT CLUB-FOOT SPLINT 


BY ALEXANDER GIBSON, M.D., WINNIPEG, MANITOBA, CANADA 


The use of a splint instead of plaster in the treatment of club-foot has many advan 
tages. Since their introduction by Denis Browne some twenty years ago, splints of various 
patterns have been devised. In all of them, the plane of the foot piece remains fixed in 
relation to the adjoining part of the bar. When varus is pronounced, some force may be 
necessary before the infant’s foot can be secured to the foot piece by adhesive. In the 
normal foot, the combination of ankle joint with subtalar 
joints provides the equivalent of a ball-and-socket joint 


of limited range 


\ 


— 


Foot plates Fk: Sponge-rubber padding. 

Socket frame Allen serew 

Ball assembly) G: Bolt and nut to hold spacer bar. 
Spacer bar H: Concave steel dise to protect ball. 


The universal-joint splint to be described represents the application of this ball- 
and-socket principle in the splint itself. [t gives much increased flexibility both in applying 
the splint and in controlling the position of the foot. The idea was suggested by the ap- 
pliance used in photographie work to attach a camera to a tripod head in such a way as 
to give the necessary controlled flexibility. A number of modifications have been tried 
during the last five vears. The latest is shown in Figures 1-A and 1-B 

The foot plates, made from 38H aluminum sheet, 0.045 inch thick, are 1g to 1% 
inches wide and 4!4 inches long. The vertical section is 1! inches wide and 1% inches 
high. The socket frame, made from cast aluminum, has an outside size of 114 inches 
high, 144 inches wide, and 244 inches long. The ball assembly is turned from 248T alu- 
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UNIVERSAL-JOINT CLUB-FOOT SPLINT 


Showing position of foot plates in eversion. 


minum alloy, and measures 1%¢ inches high. The ball is one inch in diameter. There are 
three spacer bars, made from 24ST aluminum alloy, % inch thick, 14% inches wide, and 
5% inches, 7% inches, and 9% inches long; these lengths are such that the distance C to 
( may be7 inches, 9 inches, or 11 inches, respectively. Sponge rubber about 4; ¢ inch thick 
is attached with rubber cement to the foot plates. Later, the rubber is removed, and the 
shoes are fastened to the plates by bolts through the holes provided. The Allen screws 
measure 546 inch by 4 inch, and with them a hexagonal key is used. Cadmium-plating of 
the bolts, nuts, and Allen screws protects them against corrosion. The brace itself, being 
made of aluminum, will not rust. 

Changing the position of each foot on the splint is very simply carried out: By a 
slight reverse turn, the grip of the Allen screw on the ball-bearing is loosened, the foot 
plate is adjusted to the new position, and the screw is tightened again. Eversion of the 


heel, in particular, seems to be under better control. 
The apparatus has been well tested, and has proved efficient. The technical experi- 
t. Fairbairn of Winnipeg. He has supplied the drawing 


mentation was done for me by Mr. I 
and the specifications. 
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PELVIC PLATFORM BRACE FOR SUBLUXATION AT THE SHOULDER 
BY ROBERT V. MILLER, JR., M.D., AND KARL H. HAASE, M.D., LOS ANGELES, CALIFORNIA 


From the Physical Medicine and Rehaltilitation Service, General Medical and Surgical Hospital, Veterans 


tdministration Center, Los Angeles 


Shoulder subluxation, a frequent clinical problem, is encountered when paralysis or 
atrophy of muscle occurs about the shoulder girdle and arm as a result of disease or in- 
jury. Poliomyelitis has been the most frequent cause in our series. Surgical correction 
of the paralytic shoulder has been notoriously unsuccessful where there have been several 
severely paralyzed muscles about the shoulder joint. 

Harmon noted, in speaking of surgical reconstruction of the paralytic shoulder, that 
the greater the number of muscles involved, the more profound the ataxia and the less 
likely it is that the condition would be remedied by muscle transplantation. In evaluating 
the results of trapezius transplants, Haas had previously noted poor results when the 


paralysis about the shoulder was extensive. 
In marked weakness or atrophy of the shoulder-girdle musculature, the glenohumeral 
joint may become subluxated as weakened muscles, tendons, and joint capsule are 


stretched by the weight of the upper extremity. Cotton observed that it was “common 
but apparently unwritten, — the subluxation downward in cases of injury not from a 
single trauma, but from the weight of the arm made possible through gradual exhaustion 
of the muscles — primarily of the deltoid muscle.” 

The usual method of treatment is to apply a sling to the affected arm with a strap 
over the opposite shoulder. This method has several undesirable features: The shoulder 
is fixed in adduction and internal rotation for prolonged periods, the elbow is immobilized, 


2 
Fig. 1: Pelvie platform brace in use: lateral view, showing essential details of construction 
Fig. 2: The shoulder is maintained in normal anatomical position and the hand and forearm are free for use 
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the forearm and hand are subjected to atrophy of disuse because of this undesirable 
and unnecessary immobilization, and the opposite shoulder is forced by reason of the sling 
to carry the entire weight of the subluxated extremity. Frequently, the musculature of the 
shoulder girdle is involved, but to a variable degree. The patient with muscular weak- 
ness of the shoulder girdle, the neck, or the upper portion of the back is unable to support 
the weight of the upper extremity in a sling. To overcome these disadvantages a simple 
device was designed which allows the weight of the extremity to be taken by the heavy 
bone structure of the pelvis; hence, no additional strain is placed on the opposite shoulder. 

The pelvic platform brace is a lightweight (one pound, four ounces) device, consisting 
of four essential parts: 

1. Aluminum sheeting, lined with sponge rubber and molded to the contour of the hip; 
2. A platform for the forearm of aluminum sheeting, lined with foam rubber or felt, 


and an adjustable hand rest; 

3. An adjustable steel rod which attaches the forearm platform to the pelvic contour 
piece; 

Additional advantages of this type of support are that the forearm and hand of the 
involved side are free to be used and returned to a position of rest when desired, while 
the humerus and the glenoid cavity are held in a normal relationship. The shoulder is 
maintained in a neutral and normal anatomical position, not adducted and internally ro- 
tated as when held in a sling. The forearm and hand may be used at will for purposeful 
activities, such as eating and writing, while glenohumeral proximity is maintained by rest- 
ing the elbow on the platform. There has been no difficulty whatever when the patient is 
seated, because the pelvic platform is above and lateral to the flexed thigh in the sitting 


A web belt for maintaining the pelvic piece comfortably and securely in place. 


position. 
It has been our experience that the brace need not be worn at all times but may be 


removed for a period of a few hours daily without any untoward results. It is the prolonged 
and unrelieved traction at the shoulder which results in subluxation and, eventually, 


dislocation. 
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(Continued from page 655) 
The follow-up on the children revealed that they had no further complaints from the 
elbow. Normal use of the elbow continued. Each child was seen the day following reduc- 
tion. There was no evidence of damage to the joint. No tenderness was present over the 
elbow 
One child, aged two, had a recurrence, one month following the initial injury, as a 
result of being lifted by both hands. The subluxation could be easily reduced and resub- 
luxated by exerting mild traction of the arm with the hand in pronation. A circular plaster 
cast applied after reduction and worn for three weeks apparently stabilized the joint. 


DISCUSSION 


What changes occur in the joint in this condition is unknown. As the symptoms 
disappear immediately upon reduction and normal painless function is resumed the follow- 
ing day, it is probable that there has been no tearing of tissue. The annular ligament is 
probably stretched, allowing some fibers of the ligament to slip between the head of the 
radius and the capitellum of the humerus. Stone was able to demonstrate experimentally 
the slipping of the annular ligament over the radial head when the head was in pronation. 
White is of the opinion that the knoblike radial head is pulled through the annular ligament 
and is caught on the wrong side. It is highly improbable that any damage is done to the 
radial head. Spontaneous reduction undoubtedly occurs in many of the injuries, and only 
those which are “stuck’’ require treatment. Two additional children in whom the symp- 
toms were typical as related by the mothers were treated ‘‘ over the telephone”. Symptoms 
in one child cleared up after an hour's sleep; gentle manipulation of the arm by the mother 
brought complete relief of pain to the other child and return to normal activity. 

It is quite probable that spontaneous reduction would have occurred in several of 
these cases if the child had obtained the relaxation of sleep. 

The differential diagnosis between this entity and a stretching of the brachial plexus 
with paralysis should not present a problem. The presence of pain on motion of the elbow 
joint and the rapid relief of pain on reduction by manipulation should make the diagnosis 


clear quickly. 
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AMERICAN SOCIETY FOR SURGERY OF THE HAND 


The Ninth Annual Meeting of the American Society for Surgery of the Hand was held in Chicago on Jan- 
uary 22 and 23, 1954, preceded by a Clinical Day in Cleveland. The program for the Clinical Day was planned 
by Dr. Darrel T. Shaw, President of the Society, Dr. George 8. Phalen, and Dr. Eldon C. Weekesser. 


Tuurspay, JANUARY 21, 1954 


Clinical Session at St. Luke’s Hospital, Cleveland 


The morning portion of the program consisted of the presentation of a large and interesting group of 
patients. The first group of cases, shown by Dr. Epon C. Weckrsser'!, consisted of three patients 


presenting the problem of congenital subluxation of the thumb which showed no evidence of active extension 
when first seen clinically. In the first case, seen when the child was nine years old, a fusion at the metacar- 
pophalangeal joint was necessary in order to correct the deformity; whereas the other two who were babies, 
seen in the fourth to sixth week of life, responded well to conservative plaster-splinting and were found to 


show active extension of the thumb after approximately seven months of plaster-splinting. The other cases 
presented by Dr. Weckesser were those of ulnar-nerve and median-nerve paralysis secondary to crushing 
of the forearm, reconstruction of the thumb by iliac-bone graft and pedicle graft, avulsing wounds of the 
hand and the forearm, and the clinical results in the use of hydrocortisone following tenolysis of flexor 


tendons. 


Dr. Georce 8. PHALEN ? reviewed the problem of Spontaneous Compression of the Median Nerve at the 


Wrist, stating that he felt that this was primarily a neuropathy secondary to a rheumatic involvement of the 
synovial membrane. In none of the cases in which there had been a paralysis of the thenar muscles for longer 
than one year had there been any spontaneous recovery of this paralysis, even following the division of the 
transverse carpal ligament. Dr. Phalen pointed out a diagnostic test for this neuropathy and demonstrated 
that, with acute flexion of the wrist, the patient exhibits numbness and tingling over the median-nerve dis- 


tribution in the hand. 


Dr. Phalen also discussed the syndrome of Calcification Adjacent to the Pisiform. He suggested the treat- 
ment with local novoeain injection into the calcified area in acute cases, and x-ray therapy in the severe 


acute cases, and pointed out that, unless one uses the proper x-ray technique, the pisiform cannot be brought 
Phalen also discussed transfer of wrist extensors into 


into view for visualization of the abnormality. Dr 
finger flexors and showed a movie demonstrating two patients with “writer's cramp’’. The general consensus 


was that the ‘‘writer’s cramp” was best treated by some psychotherapeutie approach. 


Dr. Darren T. Suaw * presented several patients with congenital anomalies of the hand and discussed 


their treatment, as well as other patients with x-ray dermatitis and some with primary tendon repairs within 


the fingers, illustrating the use of the cross-finger flap. One interesting case presented by Dr. Shaw was that 
of a patient in whom a kelcid-type sear had developed following an injury to the hand. The hand was treated 
by Z plasty; following the Z plasty, the same keloid scar developed again, but promptly disappeared early 


in the course of the patient's pregnancy. 


Another interesting case presented by Dr. Shaw was that of Dupuytren’s contracture in which, ap- 
proximately two months after an excellent excision, acute swelling of the hand and considerable stiffness of 
the interphalangeal joints had developed. Another most interesting patient, in whom acute flexion con- 
tractures of all the fingers had developed following a head injury, showed an unusual result following a 
tenotomy and resuture of the interosseus tendons on both sides of the fingers, together with a resection and 


suture of the attenuated long extensor tendons over the proximal interphalangeal joints 


Dr. SamueL G. STUBBINS ‘ presented a case of trigger-thumb, as a congenital anomaly, which had not 
been corrected in early childhood and went on to produce a dislocation of the interphalangeal joint of the 


thumb. 


10465 Carnegie Avenue, Cleveland 6, Ohio 
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Many other complicated reconstructive problems were demonstrated and much interesting discussion 


followed the presentation 


At the afternoon clinical session the following specific topics were discussed: 
Pain. Dr. Wititam A. Nostk ° discussed the current concepts of the physiology of the peripheral nerves 
and their method of impulse transmission, together with faetors which might be responsible for the produc- 


tion of some types of causalgia 


Sensory Disturbances in Reference to Conversion Neuroses. Dr. Lovis J. KARNOSH * stated that the num- 


ber of diagnoses of sensory disturbances is gradualiy decreasing as a result of new physiological concepts with 


reference to nerve-impulse transmission. The d:scussion of the sensory disturbances in conversion neuroses 


was divided into causalgia, anxiety resection, paroxysmal numbness, acroparaesthesia, and the restless hand 


and foot 


Hand Problems in Industry. Dr. Don A. WKeiry 7 discussed the relationship of the doctor and industry 
from the standpoint of prevention and rehabilitation of hand injuries in the industrial worker. He stated 
that in 1952 there was an over-all cost of approximately $641,000,000.00 to industry as a result of hand and 
finger injuries. Kighty-five per cent. of all injuries to the hand and fingers were thought to be due to personal 


4 factors such as fatigue, horse-play, day dreams, or to poor selection of workers, or poor job placement. It was 
felt that there should be a greater effort on the part of the clinical surgeon to enlist the aid of industry 
in preventing the industrial accident, particularly in those plants where less than 500 people are employed 
and where, in most instances, there is no first aid or medical program. This is particularly important, since 
the employees in these small shops represent approximately 70 per cent. of the industrial workers in this 
country 

Recent Concepts of Burn Therapy. Dr. Jouns H. Davis * discussed the “rule of nine” from the stand- 
point of body area, which allows one to calculate rapidly the percentage of the body burned. He presented 
an excellent outline of the fluid requirements in the first twenty-four hours of the acutely burned patient, 
describing in detail the so-called I-vans formula, or the amount of colloid, electrolyte, and glucose and water 
which should be given 

Radiation Injuries, Dr. Donato M. Grover * discussed 150 radiation injuries. The treatment consisted 
in excision of the skin involved, frequently with the use of local anaesthesia and the application of split- 

4 thickness skin grafts. Of particular interest was the fact that many of the patients had had an interval of 

i as long as twenty years between the time of initial radiation therapy and the time the skin changes had be- 

t come so marked as to necessitate excision, Whereas split-thickness grafts were advocated for the dorsum of 

, the hand, in some instances pedicle or full-thickness grafts were advised for the palm of the hand. 

Emergency Treatment of Cardiac Arrest. Dr. Roperr M. Hosrier presented a review of the his- 
tory of cardiac arrest and then an estimate of the number of cases in which this complication occurs each 
year in the United States. Since it is estimated that this occurs once in every 1,000 cases of anaesthesia, it 
is not improbable that as many as 10,000 patients a vear die from cardiac arrest. 

The prevention is of primary importance; the lack of oxygen is probably the basic cause. In many in- 
stances the patient may come to the operating room over-sedated. 

Once the cardiac arrest has occurred, one cannot allow more than three or four minutes to elapse from 
the time the heart has stopped until the oxygen system to the brain has been restored if one is to have 
success in restoration of the heart beat. In treatment, one must supply oxygen by intubation if possible, and 
establish an oxygen system to the brain by massage of the heart. Once this oxygen system has been re- 
established, then in the event that there is ventricular fibrillation, one can defibrillate the heart by electric 

\ stimulation of the myocardium 

Fripay, JANUARY 22, 1954 
Palmer House, Chicago 

Arthroplasty: The Proximal Interphalangeal Joint. Dr. Roperr bk. and Dr. Tuomas 
H. Taner " reviewed past attempts to restore motion to this joint, ankylosed in a position of deformity, and 
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presented their method of arthroplasty. The report is based on the authors’ experience with their first thirty 
cases. They point out that the proper selection of patients is essential and cannot be overemphasized. The 
operation is indicated when the deformity is considerable and disabling, when all tendons crossing the joint 
are capable of functional restoration, and if the patient's will to recover is of a high order. 

Fracture of the base of the middle phalanx was the cause of the deformity in the majority of the series; 
fibrosis from dislocation or penetrating wounds had occurred in some; infection was responsible in others of 
the group. 

Through a mid-lateral approach, the distal third, or less, of the proximal phalanx is exposed subperi- 
osteally, sectioned transversely, and removed; the base of the middle phalanx is left as it is, regardless of 
deformity. Postoperatively, skeletal traction through a Kirschner wire, passed through the middle phalanx, 
is maintained by elastic bands for six weeks. A long and intensive course of physical therapy ensues. 

The results have been classified as good when extension is complete or lacking not more than 10 degrees, 
when flexion of 55 degrees or more is present, and when there is no radial or ulnar deviation. Sixteen were 
given this rating. A fair result is one with a shorter but useful range of flexion; radial or ulnar deviation is 
present. There were nine in this category. In five no improvement resulted, and these were rated as failures. 

Dr. Raprorp C. Tanzer 8, ind. assing the problem, reported a case of ankylosis in extension treated 
by faseia lata arthroplasty with an encouraging early result. 

Dr. STERLING BUNNELL " pointed out that arthrodesis of the middle joint in semiflexion, with the finger 
a little short, results in a stable pain-free member which does not get in the way in flexion of the hand. 
He considered it, however, only a partial solution of the problem and hoped that the method presented by 
Dr. Carroll and Dr. Taber would bring improvement in our ability to cope with this condition. 

Dr. Witutam H. Frackevron © had performed resection arthroplasty in two children at the distal 


interphalangeal joint with good results. 


Fracture of the Carpal Scaphoid Bone. Some Observations Based on Treatment by Open Reduction and In- 
ternal Fization. Dr. Harrison L. MeLavGuiin " called attention to how little is actually known of the early 
changes which take place in the carpal navicular as a result of fracture. Roentgenographic findings, anatomi- 
cal specimens, and experience with prolonged plaster fixation form the chief basis for what knowledge we 
have. Seldom is a fresh fracture of this bone examined. He called attention to the long period of disability 
resulting from this fracture for those unable to work with a plaster gauntlet. Open reduction in nineteen 
fractures encountered over a nine-year period had made possible some pertinent clinical observations and 
had permitted him to reduce the fragments and also to hold the fragments fixed with a lag serew while still 
allowing movement and use during healing. He had performed open reduction and lag-serew internal fixa- 
tion in nineteen carpal-navicular fractures. Five were late cases, five were early cases without displacement, 
and in seven the fragments were displaced and unstable. Indications for operation included impracticable- 
ness of prolonged plaster fixation, displaced or unstable fragments, the fracture line through or proximal to 
the waist, and non-union without avascular necrosis or traumatic arthritis. The bone is approached through 
a curved incision extending across the anatomical snuff box proximally and dorsally from the base of the 
first metacarpal to the proximal end of the navicular. The radial artery is seen in the volar limits of the ex- 
posure; the superficial branches of the radial nerve are seen in the proximal limits. Disturbance of the capsular 
attachments to the distal dorsal tubercle or ridge of the bone is avoided except in a small area large enough 
to permit entrance of a small screw. The exposure provides a good view of both fragments and also makes it 
possible to glimpse the naviculomultangular joint for orientation. 

His findings had indicated that “any displacement of the fragments was pathognomonic of gross in- 
stability’, but “absence of displacement was not always synonymous with stability’. In unstable fractures 
there was complete disruption of the articular cartilage. When the articular cartilage was broken, complete 
anatomical reduction could be neither obtained nor maintained by any manoeuvre or attitude of the hand, 
wrist, and forearm. Obviously external fixation could not immobilize the unstable fracture, nov was it ap- 
parent how healing could take place, since each slight thumb motion or compression moved the fragments. 

Following reduction, the fragments are transfixed by a small Kirschner wire, the proximal fragment 
being held with a small skin hook or spoon. It may be necessary also to transfix the lunate. One tube of 
a double-tube guide is then placed over the projecting portion of the wire. Through the other tube a drill 
may be passed accurately across the fracture plane and well into the proximal fragment. Through this drill 
hole is then placed the Vitallium lag screw. 

Cavitation at the site of fracture may occur in delayed healing or as non-union develops. Operative 
findings had failed to explain the mechanism of the deossification. The mineral and soft elements of the bone 
were both absorbed. Healing may occur by proliferation of granulation tissue, and later this may be con- 
densed into bone, and union may oecur. In frank non-union the adjacent surfaces were polished smooth, 
covered with fibrocartilage, and bathed in joint fluid. Adhesions between the capsule and the margins of the 
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fracture surfaces of the ununited fragments tended to reduce the mobility of the fragments. It was suggested 
that firm fixation by adhesions might explain why some patients with non-unions are asymptomatic 

With this operative technique, the average period of hospitalization was less than six days. In all but 
two cases, external fixation was omitted after a few days. Five patients with ununited fractures resumed 
their work at an early date, and have continued at work symptom-free. None of these fractures have united 
ind probably none will unite. Five early stable fractures promptly united. Seven unstable early fractures 
also united, but did so more slowly 

In discussion, Dr. Haro ty B. Koyo emphasized that results in fresh fractures of the carpal navicular 
are satisfactory when the fragments are adequately immobilized in plaster. However, the treatment may be 
extremely irksome and time-consuming. Noting that all distal fragments bled and none of the proximal 
fragments bled, he believed that probably the majority of the proximal fragments require revascularization. 


Grip Test. The Use of a Dynamometer with Adjustable Handle Spacings. Dr. Cuaries O. Becuro. 
presented a grip dynamometer with adjustable spacings which makes possible a more accurate evaluation of 
the force of the grip and of the effort made during the test. 

The variations in the so-called normal grip are extreme. In the male, it varies between 60 and 130 
pounds, and in the female, between 30 and 70 pounds. An occasional exceptional individual will go much 
higher. There are a considerable number of factors which influence the force of the grasp. The optimum size 
of an object is usually two inches for men and one and one-half inches for women. Exercise will increase the 
force of the grasp; however, this exercise must specifically require the use of the hand in grasping to signifi- 
cantly influence the grip. The major hand may be as much as 30 per cent. stronger than the minor hand, but 
a few cases are found in which occupation has reversed this, and the minor hand is stronger. There is a varia- 
tion during the day. The grip in the middle of the afternoon may be as much as 20 to 30 per cent. stronger 
than that found early in the morning. Regarding effort, when the subject does his best, recordings will vary 
less than 20 per cent. and usually less than LO per cent. Variations greater than these indicate lack of co- 
operation 

The observations to date indicate that there is a great deal of additional work to be done on grip in order 
to evaluate properly the disability of the employee and to place him properly on his return to work. This will 
require an additional detailed study of the forces of grasp necessary to carry out various occupations. 

Discussing grip, Dr. L. D. Howarp '’ stressed the voluntary nature of the effort made in gripping and 
called attention to the correlation between the forearm development on the affected and unaffected sides 
and the evidence of wear on the two sides of the palmar surface 

Dr. Dantet ©. Riorpan * reported that he had used the tester and found it valuable. 


Hand Deformities in Hansen's Disease. Dre. Danter C. Riorpvan * presented the clinical aspects of 
leprosy as it is seen in the United States and discussed treatment. Mild ulnar involvement may produce 
clawing of the ring and little fingers, and this may progress to involve the index and middle fingers. When 
the median nerve is also involved, these changes may occur in all five fingers, producing the claw-hand de- 
formity. Intrinsic-musele spasm may produce flexion at the metacarpophalangeal joints, hyperextension 
at the proximal interphalangeal joints, and flexion of the terminal finger joints (the intrinsie-plus deformity). 
Radial-nerve palsy may result in loss of wrist and finger extension. Finger deformities characterized by 
flexion of the proximal interphalangeal joints and extension of the distal joints are occasionally seen. 

Prophylactic splinting and corrective splinting are used both preoperatively and postoperatively 

Operative correction of the claw deformities of the fingers due to ulnar-nerve loss, restoration of opposi- 


tion in median-nerve involvement, and restoration of wrist and finger extension in radial-nerve paralysis 


are performed. Arthrodeses may have to be done when contractures have, through time, become fixed. 


Z-plastie procedures may have to be done for thumb-web contractures. Arthroplasties of the metacarpo- 
phalangeal joints may be indicated for dorsal contracture. Because of loss of sensation, the surgery may be 
performed without general anaesthesia or with supplementary local or block anaesthesia. Wounds usually 
heal well ce spite the lack of sensation 

De. J. Winwam Lirrcer @, in discussing Dr. Riordan’s paper, said that he had had opportunity during 
the past few months to see hands in various stages of deformity, secondary to median-nerve and ulnar-nerve 
paralysis. Last vear at the meeting of this Society, Dr. Paul Brandt of Vellore, India, discussed this subject 
He had used some of the types of transfers which Dr. Riordan showed today and some of those developed 
by Dr. Bunnell. In his description of lepers, it was shown that the main part of the ulnar nerve degenerates 
near the elbow and the median nerve degenerates near the wrist Another point in Dr. Brandt's discussion 
was the interesting way he rehabilitated the lepers in his care. He found that rehabilitated hands, made 
usable by tendon transfer, might be difficult to use, because the patients had no sensation. He then went 
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further and found what blind people are doing. Knowing that the blind use their hands because they have 
sensation, he utilized for the lepers all those tasks in which sensation is less important but in which vision is 


necessary. 


Experiences with the Steindler Fleroplasty at the Elbow. Dr. Leo Mayer ™ and Dr. WaLLAce GREEN ™ 
gave a detailed and complete description of the operation devised by Steindler and first published by him in 
1919. Their experience with the operation extends over the past twenty vears and their analysis is based 
upon twenty-two operations in twenty-one patients whom they have personally followed and whose results 
are known to them. 

The operation is indicated for paralysis of the brachialis and biceps humeri in the presence of a strong 
medial epicondylar muscle group, especially the flexor carpi radialis and flexor carpi ulnaris. They consider 
satisfactory finger flexion indispensable; without good use of the hand, the procedure is contra-indicated. 

In the absence of “good” medial epicondylar muscles, the Clark pectoralis major transplantation must 
be considered if that muscle is powerful. The authors suggest that time will tell which operation is preferable, 
the Steindler or the Clark. The occasion might arise when the Bunnell transplantation of the sternocleido- 
mastoid to the biceps by the use of a strip of fascia lata might be advisable. The forward transplantation of 
the triceps, as devised recently by Dr. Robert Carroll, has been found to be effective, a transfer of power, 
which raises the question whether the sacrifice of the normal function of this muscle will be satisfactorily 
compensated. 

The Steindler operation is considered a success only if the patient is able to bring the hand to the face, 
to do so gracefully without being made conspicuous, and if, at rest, the extremity hangs naturally at the 
side with the elbow flexed at not less than 165 degrees. 

If the scapular muscles are strong, « flail shoulder is no contra-indication since, later, control may be 
re-established by arthrodesis. 

The operation was described in great detail and with striking clarity. The incision allows ample exposure 
of the ulnar and median nerves and the anterior aspect of the distal humeral shaft. The transfer of all of the 
muscles of the medial epicondylar group, including the anterior portion of the flexor carpi ulnaris, is recom- 
mended 

The postoperative management is felt to be of the first importance. The patient usually leaves the hos- 
pital in two or three days. Flexion at the elbow is maintained for three weeks; if the triceps is paralyzed 
completely, this is reduced to two weeks. Stretching in the direction of extension is done gently by one 
thoroughly competent and is combined with exercises to develop the flexor group. Supination is stressed as 
an active exercise, and in this the patient is helped by exercises to develop the extensor pollicis longus and 
the flexor carpi ulnaris. After four weeks, a turnbuckle brace is worn at night to help win back elbow exten- 
sion. The exercise-stretching-brace phase of treatment is absolutely indispensable, since without it a suecess- 
ful result can hardly be achieved. 

Of twenty-two cases, excellent results rated at 95 to 100 per cent. were obtained in eleven; good or fair 
results, rated between 76 and 95 per cent., in nine; and poor in two. Too long a period of immobilization and 
triceps paralysis were the chief obstacles to a good result. 

In discussing the operation, Dr. ArTHuR STEINDLER ® reviewed the altered kinetics resulting from 
the operation, pointing out that to be effective the transposed muscles must operate with the wrist fixed. He 
recognized the tendency to cause pronation. 

Dr. R. bh. Carroui" spoke in favor of timing the flexorplasty so that it precedes any operative pro- 
cedures directed toward restoring function in the hand. He based his opinion on his experience that tendon 
transplantations performed to restore hand function are more successful when the new points of origin of 
the transplanted muscles are already established. He felt that in that way the maximum functional gain 
would result. 

Dr. Wititam H. FrRacKELTON © described a boy who had two paralyzed upper extremities, one of which 
was totally paralyzed, while the other had some power in the seapular muscles and flexor muscles of the 
forearm. The ability to eat by himself and to help dress himself had come following arthrodesis of the shoul- 
der, flexorplasty at the elbow, arthrodesis at the wrist, and arthrodesis of the thumb in the position of opposi- 
tion. The transplanted wrist flexors gave finger flexion to make possible useful pinch and grasp and flexion of 
the elbow. 

Dr. Don L. Ey ter ® said that, in Dr. Mayer's modification, the internervous plane of Henry is utilized 
and, by insinuating a finger in this plane, one can carry the dissection proximally ‘‘with the grain” of the 
musculature without danger of damaging vital structures. By blunt and sharp dissection, a muscle mass 
made up of the flexor digitorum sublimis, palmaris longus, flexor carpi radialis, and superficial head of the 
pronator can be quickly mobilized and the common aponeurotic origin can be freed from the medial epicon 
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dyle. The dissection is relatively avascular, the median and ulnar nerves and ulnar artery are plainly visible 
at all times, although no special dissection or attempt is made to expose them, and a large mobile mass of 
muscles is available for transfer. He complimented Dr. Mayer on his presentation and paid due respect to 


Dr. Steindler who fathered this ingenious procedure. 


The Care of Injuries of the Hand and Fingers with Special Reference to the Treatment of Traumatic Ampu- 
lations in the United Kingdom. Mr. Parnick CLARKSON ™, honored guest of the Society, gave an interesting 
account of the treatment of open injuries of the hand, seen the day of the accident, in the Hand Clinic estab- 
lished in Guy's Hospital, London. Of 11,000 accidents treated each year in the Hospital Clinies, about 3,000 
are injuries to the hand. The upper limb below the elbow is the most commonly injured part as seen in most 
hospitals in densely populated cities with light industries; these injuries account for one third to one half of 
the total accidents to be treated. Most of these are minor injuries. Less than 10 per cent. of these patients 


had fractures, and less than | per cent. required admission to the hospital. Only about 200 presented prob- 


lems in skin repair, requiring free grafts or flaps 
Mr. Clarkson drew a sharp distinction between lacerations due to cutting injuries and open contusions 
caused by crushing violence, such as those seen after the part has been caught in a power press. The latter 


are far more serious, not alone because of the frequent bone and other deep-tissue complications, but because 
of the oedema which usually follows during the first twenty-four to forty-eight hours and the indeterminate 
extent of the injury at first. While the incised wound may heal in one week, the open contusion may require 
two or three weeks. Thin split-thickness-skin graft cover for contused tissues is preferable to closure by 
approximation of edges which may lead to serious complications. These free grafts are relatively unsightly 
and poorly sensitized, but they are much more reliable and may be done by a surgeon of less experience than 


is necessary for a full-thickness skin graft 
Formal treatment in a fully equipped operating room is accorded all breaks of full skin thickness. 


Tetanus serum is given all who have not had toxoid or who have no allergic complaints. Penicillin is given 
prophylactically only when wounds are grossly soiled or the repair has required more than one hour. Thor- 


ough toilet is performed, primarily, from the elbow down, when possible by the patient. After local analgesia, 
Local analgesia is used in over 99 per cent., over 15,000 local 


a secondary toilet is done by the operator 
blocks having been done without complications. The use of adrenalin is avoided. When the wound is an 


incised laceration, minimal excision followed by the approximation of edges is practised routinely. Lavage 


of open contusions with excision of only grossly soiled or obviously devitalized tissue is practised at primary 
operation, tissue of doubtful viability being left. Free grafts, used at primary repair, are limited largely to 
thin split skin taken from the forearm in men and from the thigh in women. Cross-finger, palmar, and thenar 


flaps are used ot asionally 
The results support the position that there is a fundamental difference in the healing rates between the 
lacerations and the contusions. The lacerations showed a mean healing time of eight days; the open con- 


tusions showed a mean healing time of seventeen days. These rates appear to represent a reasonable standard. 
The survey shows, however, that there were some which did not completely heal for many weeks. The mean 


healing time, when there was soft-tissue loss, was nearly a month. There happened to be no major infections 


last year 
Minor infections in 1,800 lacerations without soft-tissue loss came to 0.3 per cent.; with soft-tissue loss 


Minor infections in 220 open contusions without soft-tissue loss came to 1.8 per cent.; with 


to 5.7 per cent 


soft-tissue loss to 4.3 per cent 
Traumatic amputation of the digits was discussed under two headings: primary treatment and digital 


Primary treatment requires a choice between covering the stump 


reconstruction by pedocarpal transter 
with a thin split-thiekness skin graft or by a thenar or palmar flap. Occasionally one may consider suturing 


back the part amputated, or re-amputating at a proximal level 
Salvaging an amputated part is practicable only when less than half the distal phalanx is involved, and 


it is seldom successful. Proximal re-amputation is done only when extensive proximal injuries make it clear 
that the part to be further sacrificed has no future usefulness. Thin split-thickness skin grafts take dependa- 
bly, but they are not well sensitized and are unsightly. Their use has been limited to the medial three digits 
and to elderly patients When bone is exposed, this is beveled anteriorly to allow pulp to come in contact 
with the nail bed. Thenar and palmar flaps when necessary are felt to give the best primary repair. The 
secondary defect is best covered by a full-thickness skin graft, cut to pattern. Such repairs have not resulted 


in stiff fingers, and there is better sensation 

The method of late total reconstruction of digits by transferring toes was described in detail. A delayed 
dorsal flap on the donor foot is used. When the hand is attached to this flap, the extensor and flexor tendons 
of the toe are attached to the corresponding tendons of the forearm. The hand is left attached to the foot 
for six weeks. The digital vessels are divided at the second and fourth weeks. Mr. Clarkson had transferred 


fifteen digits in six patients and had lost, through a technical error only one half of one digit in a three-digit 


transfer. He knows of two other successful transfers 
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Dr. Micnart L. Mason 27, in discussing Mr. Clarkson's report, remarked on the fewer lacerated 
wounds and the higher proportion of crushing injuries seen in the hand clinies of this country, as compared 
with those seen abroad. He prefers local infiltration anaesthesia to digital block, since he has in the past seen 
necrosis with the use of the latter. Reluctant to use palmar flaps on account of searring, he usually places the 
finger tip in a flap from beneath the breast or from the abdominal wall. He agreed that cross-finger flaps 


have a place. 

Dr. J. Ep>warp FLYNN ® reported a comparable series of hand injuries treated at the Boston City Hos- 
pital. In 612 compound injuries subjected to treatment over the past five years, there have occurred three 
cases of major sepsis and six of minor sepsis — an incidence of 1.5 per cent. He has used pedicle grafts from 
the thenar area to cover partial amputations of the distal phalanges of index, middle, and ring fingers, the 
bone being exposed and hypothenar flaps being used for little-finger-tip coverage. Thumb-tip coverage has 
been obtained from the dorsum of the middle phalanx of the index finger. There has not been trouble from 
the thenar flaps, provided that the graft was properly placed, a full-thickness skin graft was applied in the 
donor defect, and the pedicle was detached in twelve days. When pedicle-graft coverage is not used on am- 
putation tips, the digital nerves are ligated and are transplanted beneath the dorsal skin. 


Capsulectomy of the Interphalangeal Joints of the Fingers. Dr. Ray M. Curtis * discussed the mechanical 
factors which may limit flexion and extension in the interphalangeal joints and presented an operative tech- 


nique for the correction of the contractures which result from them, 

Iixtension contracture of these joints may result from scar on the dorsum of the finger which will limit 
flexion, regardless of flexion or extension at the wrist or of metacarpophalangeal joints. When flexion is lim- 
ited by a contracted long extension muscle or an adherent extensor tendon, dorsiflexion of the wrist or 
extension at the metacarpophalangeal joint will release the joint, thus allowing flexion. When intrinsie-mus¢le 
contraction is present, extension at the metacarpophalangeal joint will hold the muscle tense, preventing 
flexion at the interphalangeal joints; when the muscle is released by flexion at the metacarpophalangeal 
joints, the interphalangeal joints may be flexed. When the capsule is contracted, the interphalangeal joint is 


stiff, regardless of the position of the metacarpophalangeal joint. 
Limitations in extension are less easily analyzed. It is often not possible to differentiate between a flexion 
contracture due to an adherent flexor tendon, a contracture of a flexor-tendon sheath, or a capsule con- 


tracture. 

Operative correction is resorted to only when splinting and physical therapy have failed to restore suffi- 
cient finger flexion or extension. In the operation, the joint is approached from each side through longitudinal, 
medial, and lateral incisions. The deep fascia is elevated, and the joint capsule is divided beneath it trans- 
versely or a wedge or block of the ligament is excised on either side at right angles with the long axis of the 
finger. When indicated by lack of flexion, the capsule may be farther divided dorsally: or, when limited by 
flexion contracture, it is divided on the volar side. Stability at the proximal interphalangeal joint has been 
maintained through preservation of the deep fascial cuff. At the distal interphalangeal joint it had not been 
possible to preserve the deep fascial cuff; yet no instability had resulted from division of the collateral liga- 
ments or of the volar plate. When found to be obliterated, the volar synovial pouch may be reshaped with 
a small curved elevator or by forced flexion. When there is associated interosseus contracture, the interos- 
seus tendon is lengthened and sutured; if necessary, the extensor mechanism may be freed. 

At the close of the operation, one cubic centimeter of hydrocortone is injected into the joint. The flexed 
position is maintained by a fine Kirschner wire, which is removed in five to seven days. Rubber-band splint- 
ing is then started. When extension is being restored, the rubber-band splinting is begun immediately. 

From his experience with sixty-six interphalangeal joints upon which he had performed the capsulec- 
tomy, Dr. Curtis concluded that, when the interphalangeal joint is “intrinsically in good condition as shown 
by the roentgenogram”’, a measurable improvement may be expected from the operation and at the same 


time stability will be maintained. 


In discussion, Dr. STERLING BUNNELL ' stressed that a joint long flexed will not extend until both col- 
lateral ligaments have been excised and the volar ligament has been divided. The same is true of a joint long 
in extension: the collateral and dorsal ligaments must be cut. However, if too much capsule is excised, 
dislocation will occur. He felt that Dr. Curtis’s use of the deep fascial sleeve might prove well worth while. 


Dr. EmManvent B. Kapitan ®, in discussing the problem of instability following interphalangeal-joint 
capsulectomy, expressed the opinion that instability can be avoided if the dorsal structures about the joint 
and the flexor tunnel are preserved. He advocated incising the deep fascia longitudinally and retracting the 
extensor mechanism, thus freely exposing the joint, After the appropriate division of ligaments and capsule, 
the extensor apparatus is replaced. He favored skeletal traction postoperatively. 
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Experimental Nerve Repair in the Dog. Dr. Ricnharp I. Gonzacez ™, in an effort to determine more ac- 
curately the healing time of primarily repaired nerves, had devised an experimental method in dogs by 


which the tensile strength was ascertained in grams per square millimeter at daily intervals following repair. 


His report concerns a preliminary series of forty-four experiments, covering the period from the day of repair 
In this series it appears that the nerves attain their original strength 


to twenty-two days following repair 
in ten days after suture and attain a strength superior to the adjacent normal nerves in eighteen days. If the 


final series of 150 experiments bears out these preliminary findings, the clinician should be able to shorten 


the presently accepted period of three weeks’ immobilization following nerve repair. 
Mr. Parrick CLARKSON ” asked whether the stress applied in the 


In the discussion which followed 
testing is sudden or gradual, a matter of importance as far as the management of these cases goes. He said 
the matter of primary and secondary repair was discussed at the Royal Surgical Society, and Mr. Seddon and 


others held to a view, which is not generally accepted, that secondary repair gives a better end result. Their 


reasons for holding that view were that almost any injury causes more lateral contusion in the body of these 


nerves than is caused by the direct result of the blow, and consequently secondary repair after the inflam- 
mation has subsided gives a better result. They believe that the lateral contusion prejudices primary repair 
and so affects it that the end result is less satisfactory than after secondary repair. An additional reason they 


advanced is that, in experimental observations of primary repair, attaching pieces of metal foil to each side 
has often demonstrated changes which are definitely opposite to those which would be expected from Dr. 


CGonzalez’s results. He felt sure that in the United States more than in any one place in England better results 


are obtained after primary repair 

Dr. Leo Mayer @ suggested that two or three weeks be allowed to elapse after section before repair is 
made and then the results be compared with those found in the present series. 
in closing the discussion, said his tests were done under acute stress over a period of 


Dr. Gonzalez 
minutes. He felt that D1 
cal differentiation of the nerve sheaths. Many have said that sheath-to-sheath repair is impossible because 
He had found it is a good structure as demonstrated by the tensile 
Clinically, his results had been equally satisfactory 


Maver’s suggestion was valid. In these cases, he had been struck with the anatomi- 


the sheath is such a delicate structure 
strength of the nerve immediately following repair 


whether the nerve was repaired primarily or secondarily 
a correlation between healing wounds of the nerve and wounds of the 
He felt that they are not so resistant to chronic stress as the 


De. Darre. T. Suaw drew 
skin or other recently formed fibrous tissues 
tensile-strength ¢ xperiments of Dr. Gonzalez’s report would indicate. Chronic stress will cause separation of 


newly formed sear tissue 


Herperr Conway @ and Dr. Ricnarp B. 


trierial Vaseularization of the Soft Tissues of the Palm. Dr 
having noted that a slough of the soft tissues or a delay in the healing of wounds in the central 


STARK 
part of the palm oecurs sufficiently often following surgical intervention, investigated the quantitative degree 


of vascularity of this zone 
Radiopaque fluid (thorium dioxide) was injected into the radial and ulnar arteries of both upper ex- 


tremities of five cadavera from the dissecting room. The skin and subcutaneous tissue were dissected cleanly 


from the deep fascia and palmar APONCUrosis, and arteriograms were made of the soft tissue removed. 
The material showed that the arterial vascularity of the skin and subcutaneous tissue of the palm of 


the hand is supplied through the superficial volar arch by means of numerous small vertical tributaries 
perforating the skin. Richly vascularized areas of the palm include the thenar and hypothenar eminences and 
the palm on the digital side of the distal flexion crease. However, in the central portion of the palm, bordered 


by these areas of marked vascularization, there is a triangular zone of skin and subcutaneous tissue which 


exhibits a paucity of arterial channels. This has been found to be constant in ten palms of cadavera. 


They pointed out that the skin and subcutaneous tissue of this area are undermined widely in the tech- 
The poor arterial supply of the area undoubtedly explains why a 


nique of complete palmar fasciectomy 
slough of the palmar skin is encountered occasionally following operation for Dupuytren’s contracture. It is 
felt by the authors that the extent of undermining of the flap of skin and subcutaneous tissue should be 
limited if slough of the flap is to be avoided. Limited reflection of this flap means that only a limited excision 
of the palmar faseia can be achieved. However, by use of a short Meyerding-Bunnell curvilinear incision, the 


palmar aponeurosis to the long, ring, and little fingers can be approached with ease. By the use of this in- 


cision, the palmar fascia may not be divided so far proximally as its attachment to the palmaris longus, but 


involvement of the proximal portion of the palmar fascia in the disease process of Dupuytren’s contracture is 


extremely rare. This limited palmar incision makes difficult also the approach to the fascia over the index 
finger, but this digit was involved in the disease process in only LL per cent. of eight-eight cases of Dupuy- 


tren's contracture treated at the New York Hospital 
The alternative to limited undermining of the skin and subcutaneous tissues and limited excision of the 
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palmar aponeurosis is complete removal of the palmar aponeurosis with removal of skin of questionable 


viability, and its replacement with grafts of whole-thickness skin or with pedicled flaps. 

They conclude that the central palm contains a triangular zone which is poorly vascularized. Because 
of the quantitative paucity of blood vessels, extensive undermining of this flap may invite delayed wound 
healing or frank necrosis. Appreciation of this important anatomical weakness has led the authors to adopt 


the principles of limited undermining of the skin and subcutaneous tissue of this zone or their primary excision 
and replacement with whole-thickness skin grafts or pedicled flaps following undermining of an extensive 


degree. 

In discussion, Dr. Hans May ® pointed out that all those who have done operations for Dupuytren’s 
contracture or are interested in the pathology of this condition are aware of the fact that a diseased fascia 
not only sends extensions into the overlying skin, but also into the deeper tissues whereby the digital nerves 
and vessels gradually become involved and constricted. Lexer, who devised the first radical operation for 
Dupuytren's contracture, advised (1) the removal of the entire diseased fascia and also that part of the 
overlying skin which is involved in the process, in order to remove a possible source of recurrence, (2) the 
removal of a part of the skin which has impaired circulation, and (3) the creation of sound vascular conditions 
upon which a skin graft can regenerate. Dr. May had had no reason to regret a radical procedure and had 
become an advocate of such an operation. He was in full agreement with Dr. Conway and Dr, Stack that 
regional excision of the diseased skin in Dupuytren’s contracture and replacement of the same with a skin 


graft is in order. 


Dr. Conway, in closing the discussion, stated that the studies reported are part of a study which he and 
Dr. Stark have been carrying on for the past year. The subject of surface vascularization has been relatively 
neglected since the latter part of the nineteenth century when Manchot published his classic monograph. 
His work was the result of dissections on cadavera. In the study reported, radiopaque material was injected 
into cadavera and arteriograms were made of the skin and subcutaneous tissue of various parts of the body. 
The circulation thus outlined emphasizes the consistent elongated axes of cutaneous circulation which should 
be considered in the formation of long flaps and pedicles. It has become evident that this chronic disease, 
palmar fibrosis, is due to fibrous contraction of the palmar aponeurosis and the overlying skin and sub- 
cutaneous tissue which results in a diminution of the arterial blood supply. Their investigations had dis- 
closed a zone in the central part of the palm which is consistently less vascularized than the area surrounding 
it. Certainly a palmar slough, due to fibrous contracture, superimposed upon this zone of anatomical weak- 
ness creates a critical deformity. Whether this zone, turned back as a flap, should be replaced by a skin graft, 
as Lexer did many years ago, is a matter of surgical judgment. A graft of the palm is certainly superior to 
palmar necrosis or delayed wound healing. He felt that the operation for Dupuytren’s contracture is one 
which should not be entrusted to the surgeon in training without total supervision. This vascular study upon 


the total body is to be continued. 


SATURDAY, JANUARY 23, 1954 


Clinical Session, Northwestern University Medical School 


The Organization of Hand Services in Teaching Hospitals. Mr. Pavrick CLARKSON ™ commented on the 
organization of a hand service, particularly in teaching hospitals. He felt that the objectives of a hand service 
in a teaching hospital are: first, to obtain a high general standard of result and, second, to make the optimum 
use of the abundant clinical material for the teaching of students and interns in principles and basic tech- 


niques of reparative surgery. 
He felt that responsibility for control of the accident service can very adequately be allotted to a gen- 


eral, an orthopaedic, or a plastic surgeon. It is essential, of course, that he be well versed in the basic plastic 


techniques of repair necessary for the common and important injuries to the hand, which constitute the 
major part of the clinical material passing through the department. Whatever the chief clinical interest of 
the head of the department may be, it is desirable that he have work outside the casualty and accident de- 
partment. If he is an orthopaedic or plastic surgeon, he should be attached to special centers where the major 


long-term repairs of gross and complex hand wounds are chiefly done. 
Regarding the treatment of hand and finger infections in casualty departments, he felt that the subjeet 
is no longer a major one in hand surgery. He reported that one does not now see, in England, either the num- 


ber of hand infections that were formerly seen or the same range of type and severity of cases as previously. 
About the special infections, in 1953 there were nearly 900 infections of the hand. There were no patients 

with special infections admitted to the wards. There were under ten cases of swine erysipelas. It is many 

years since there has been a syphilitic infection of the hand seen in the department. Since the War there 


have been two cases of anthrax. 
Acute diffuse infections have been conspicuously absent. For several years even lymphangiitis has been 
In this group of nearly 900 cases, there were only two thecal infections and only two deep palmar 
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abscesses. The other infections have been chiefly pulp-space and other subcutaneous abscesses and paro- 
nychiae. The principles of treatment are: rest of the part in the position of function (not the position of rest) 
during the invasive period of the first three to five days only; evacuation of localized pus by a small incision 
which infliets no functional disability to the hand and which is combined with removal of obviously dead 
soft tissues in the abscess walls, and preservation of function by active movements of non-affected digits. 

Penicillin is given in most cases, but not in the less severe cases. The routine dosage is three daily injec- 
tions of 300,000 to 600,000 units of penicillin procaine. 

(An investigation has been conducted cf the value of primary excision and suture of pulp-space and other 
subcutaneous abscesses, except those in the web spaces. We have seen no disasters following this treatment, 
which is based on the concept that there are two pus-producing mechanisms —bacterial activity and dead 
tissue. If penicillin takes care of the first, and minimal but meticulous excision of dead tissue is done at the 
time of primary drainage, then the abscess cavity can be obliterated by suture. A few patients have had to 
have the sutures removed and drainage re-established, but the group as a whole appear to have done better 
than the larger group treated by orthodox methods. It must, however, be remembered that these cases have 
been subjected to special study and attention. The method is not advocated in routine teaching, but it 


deserves further study. Attention should be drawn to the apparent increased rate of skin healing which is 


repeatedly observed in these cases 
The discussion was opened by Dr. Enpwarp FLYNN * who asked Mr. Clarkson if he had had any ex- 


perience with the local use of penicillin for acute suppurative tenosynovitis and deep fascial-space infections 

Mr. Clarkson replied that he could not give an authoritative answer because he saw no more than two 
deep palmar abscesses a year. The pus is evacuated by incision. Obviously antibiotics play a big part in the 
success of treatment 


Dr. Sumner Kocu 
that in only a very limited number did infection develop and that healing took place in from seven to ten 


days after drainage of an infected wound, reported that rarely were such good results secured on his service. 
He recalled that there were 3,000 cases of injury of the hand cared for in Guy's Hospital during 1953. If one 
omits Sundays, there would be an average of nearly ten cases a day. He wondered who was taking care of 


, noting that very few of Mr. Clarkson's patients were admitted to the hospital, 


this large group of patients and how a staff caring for such a large number of cases, almost all as ambulatory 
patients and not under close supervision in the Hospital, could secure such excellent results and with almost 
no wound infections. Such results he had not been able to accomplish. He simply wished to know why he 
could not secure as good results as those which have been reported by Mr. Clarkson. 

He wished to know also how often and by what method antibiotic therapy was given when practically 
all the patients were ambulatory and not kept in the Hospital after their initial care. 

Mr. Clarkson thanked Dr. Koch for giving him further opportunity to make clear that the vast majority 
of the open band injuries reported had been small injuries. A great number would have healed without com- 
plication by conservative treatment with a simple dressing, without surgery. But the whole point of the 
organization has been to teach that every breach of the full thickness of the skin of the hand should be given 
full, formal treatment in an operating theater. The numbers reported might appear large, but he wished to 
emphasize again that these are unscreened cases; the patients attend without payment and use the Hospital 
as a sort of general practitioner. They represent the total for seven days a week, twenty-four hours a day, 
the whole year round. The daily number may vary between five and fifteen. 

About the incidence of infection following the primary repair, an infection is considered major when the 
patient goes home after repair but comes back in a day or two with pain, fever, and gross infection in the 
wound, necessitating immediate removal of the sutures and drainage. The expectation is that about one in a 
hundred injuries will behave like this; but last year there were none. Minor infections are those showing pus 
on the dressings or around the sutures and delay in healing. These can be very serious in terms of economic 
disability and the quality of the eventual sear. Drawing attention to his charts showing the healing rates of 
the lacerations and of the open contusions, he pointed out that there is a considerable scatter to the right of 
the mean healing days of eight and seventeen, respectively, of the two lesions. This indicates many results 
which Dr. Koch would call very poor indeed; in a number, he regretted, healing took several weeks and in 
some three weeks and in some three or four months. Indeed the average healing time for the lesions with 
soft-tissue loss needing repair by flaps or free grafts was about a month — a figure on which he, and indeed 
anybody, would hope to improve 

About antibiotic treatment, Mr. Clarkson said that most patients are given antibiotics as a routine 
measure, three to four daily doses. It is possible that, when they attend the injection room simply for injee- 
tion and not for attention to the wound (which may be left undisturbed for intervals of two to five days), 
this is not reported as a separate attendance; but the figures in the chart of mean healing days and mean 
attendances are a very fair picture of treatment given and results. 

Dr. Tuomas W. Srevenson ™, recalling that, in his reconstructive care of the hand, Mr. Clarkson fre- 
quently permits the patient to go home after the application of a graft, expressed dislike for having the pa 
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tient out of his control in the early period, when various accidents of normal living can occur. He felt that, 
when he had taken necessary time to put on a graft, he was obligated to safeguard the patient from an infec- 
tion of the hand. Also, it is certain that dressings are less subject to derangement while a patient is at rest 
in a hospital and that elevation is beneficial to healing. On the other hand, it is obvious that Mr. Clarkson 
has obtained good results with early ambulation. Therefore, he felt that perhaps it would be well to take 
another look at the question. It certainly would relieve the demand for hospital beds if we could strike a 


happy medium. 
In closing, Mr. Clarkson stated that, if a patient can be successfully treated as an out-patient without 


courting unnecessary pain or risk, it is economically sound that this should be done. 


Presentation of Cases of Nerve Injury. Dr. Micnann. L. Mason ®? presented cases illustrating the first 
problem, that of repair of the nerves of the hand. He hoped that this might bring out discussion of the indica- 
tions for primary versus secondary nerve repair, the feasibility or indication of primary repair in the acute 


open injury, or the view that these wounds should be closed and a secondary repair done later on, one of the 


big problems in the treatment of nerve injuries today. 

The first patient represented a frank problem in secondary nerve suture. She was first seen in May 1947, 
when she was a little girl, sixteen hours after she had lacerated the left wrist. The wound was open and a 
short incision had been made in it to find the ulnar nerve. It was felt at the time, because the wound was 
sixteen hours old, that the primary suture of the nerve was not indicated. The wound was simply sutured; a 
secondary closure was carried out as he had learned to do while in Service. In August 1947, the wound was 
reopened and the ulnar nerve was repaired, both the main trunk and the dorsal trunk. The wound healed 
kindly. It is now nearly seven years since secondary nerve repair. The girl has gradually regained the use of 
the small muscles of the hand, and sensation is normal. She cannot adduct the little finger. That is the last 


thing to be regained and is often never regained even with otherwise complete recovery. Why? 

The next patient, a man, had been in an automobile accident in May 1952, at which time he had sus- 
tained a laceration of the left elbow and a fracture involving the lower end of the humerus. The wound had 
been sutured elsewhere at the time, but immediately after the injury it had been noted that he had an 
inability to extend the wrist and forearm. He had drop wrist and fingers. He was seen first in August 1952, 
at which time a radial-nerve injury was diagnosed, The incision was made through the original scar, the ends 
of the radial nerve were found and brought together. A splint was applied, holding the wrist in extension, 
with elastic traction to the digits. This splint makes it possible to flex the fingers and to use the hand while 
the patient is recovering from the radial-nerve paralysis. He is a dairy farmer. He has good use of the hand, 


but he still cannot do milking. 

Another problem this brings up is whether in an instance of this sort it would be wise, instead of having 
the patient wear a splint for a long period of time, to do a tendon transplantation at the same time as the 
nerve repair. If the nerve function does not come back, the patient still has the possibility of extending his 


hand and fingers. 

Another man had been injured in June 1953, at which time he had cut his forearm on a meat saw. A 
primary repair had been carried out and the wound had healed kindly, but the hand had been held in acute 
wrist flexion in a splint for thirteen weeks. When first seen in this Clinic he had a severe volar contraction of 
the wrist and inability to flex the index finger, thumb, and middle finger. A long time was spent in physical 
therapy, getting the wrist back into extension and getting the tissues soft. In November, the forearm was 
re-opened through an S-shaped incision and the median nerve was found to be divided, the ends being 
bound in a dense sear. The flexor profundus and the flexor sublimis to the index and middle fingers and the 
flexor pollicis longus had been divided. Nerve and tendon repair was carried out, the profundus tendons to the 
index and middle fingers being sutured, the sublimis tendons to these fingers being removed, and the flexor 
pollicis longus being repaired. Following that procedure, the wrist was put up in flexion. He was presented 
because of the fact that his thenar musculature is perfectly good. He can swing his thumb around to face 
the palm, in spite of the fact that the median nerve was found to be completely divided at the time of injury. 
Not infrequently the thenar musculature is innervated, often through the ulnar nerve by way of branches 
which anastomose in the arm from the median to the ulnar nerve. By means of these anastomoses or inter- 
mixing of fibers, it is possible to have complete division of the median nerve above the wrist and still have 


motor fibers to the thenar musculature. 
The next patient was seven years old in 1949. At five o'clock one afternoon he had put his hand through 
a plate-glass window and had sustained a laceration across the volar aspect of the wrist. At eight o’clock that 


evening he was in the operating room. There were found lacerations of both flexor tendons of the wrist, the 
ulnar nerve, and the profundus tendons to the index, middle, and ring fingers. All of these structures were 


repaired by primary suture. 


Dr. Joun Bevn *? presented nine additional cases of nerve injury 
One patient had been in an automobile accident in October 1952, and had sustained a head injury and 


7 Northwestern University Medical School, Chicago 11, Ilinois. 


3, JUNE 1954 


VoL 


36-A, NO 


% 
‘ 
an 
| 
/ 
ve 


O74 PROCEEDINGS 
She was first seen in this Clinie in January 1953, when she gave a 


history that the fractured humerus had been treated with a hanging cast until December 1952, and she had 


had loss of extension of wrist and fingers since seven days after the injury. There was complete radial-nerve 
On January 30, 1953, the arm was explored, and the radial nerve was found to be caught over the 
The nerve, whick looked normal, was freed and the 


a closed fracture of the left humerus 


palsy 
distal fragment of the humerus which was ununited 
tension was thereby relieved. A bone plate was applied and bone chips were placed about the fracture site. 
Within twenty-four hours after operation, she began to have some slight return of function of the extensor 
muscles. By June 1953, six months later, she had almost complete return ef function of the muscles controlled 
by the radial nerve 

A child was admitted to the Cook County Hospital on January 1, 1953, after he had sustained an open 
fracture of his humerus at home. He was put in traction for twenty-nine days. It was noted that he had a 
radial-nerve palsy during this course of treatment. He was seen in the Hand Clinic at Cook County Hospital 


in April 1953, and was admitted to the Hospital. An exploration of the previous wound was performed, and 


it was found that the radial nerve was imbedded in the callus of the healed fracture. This was freed and he 
has nearly regained function in the radial nerve 

\ boy, aged six, fell on a milk bottle in August 1951, and was admitted to the Cook County Hospital. 
He had « primary closure of his skin wound. He sustained a laceration of the left ulnar nerve above the 
elbow. In September 1951, he was admitted to the Hospital from the Hand Clinic. The ulnar nerve was ex- 
posed in the elbow region and was found to be completely divided. The neuroma was excised and the nerve 
was sutured. The ulnar nerve was transplanted anteriorly to the medial condyle. He has had an excellent 
return of sensory and motor function following the secondary nerve suture. 

During the discussion, Dr. Wittiam H. recalled the presentation of Dr. Ernest Miller in 
Milwaukee and his wide experience with high-tension burn cases. Dr. Miller believed patients had an os- 
teoperiostitis which was a cause of pain in the burned limbs persisting for years. He asked if anyone could 
tell him of any recorded studies of primary suture and secondary suture in electrical potential burns. 

Dr. J. Leonarp Gotpner ® replied that he could relay the opinion of one of his colleagues, Dr. Barnes 
Woodhall, who has done much clinical and investigative work relative to nerve repair, and his ideas are about 
the same as those expressed by Mr. Clarkson. He agrees with the principles of Mr. Seddon and is in favor 
of secondary repair, At Duke Hospital, a primary nerve injury is seldom seen, but frequently deformed hands 
with contractures are seen, in which primary-nerve repair had been done by the surgeon who saw the patient 
initially. It is the same old question of a traumatic injury being treated during the late hours of the night, 
the question of how much tissue has been destroyed, inadequate operating-room help, and no time to review 
the anatomy, with resulting secondary infection and an inexact repair. The primary repair of tendons is 
another matter, but again, if the circumstances are extenuating, it is desirable to close the wound and to do 


the repair under ideal conditions 
One patient has been shown at this session who has good opposition of the thumb in spite of the median- 


nerve laceration. Dr. Goldner’s experience has also confirmed this observation but, in most of these cases, 
there is still paralysis of the opponens pollicis and that is true in this particular case. Moreover, the abductor 
pollicis brevis is frequently paralyzed, but the weakness in these muscles is compensated for by a strong 
palmaris longus, a contracted flexor pollicis longus, and a strong flexor pollicis brevis. One must recognize 
the absence of pronation against resistance and the fact that the patient can pinch and grasp, but that he 
does not have true opposition. He asked for opinions concerning radial-nerve paralysis in conjunction with a 
fracture. When should one look at the nerve? 

Dr. Mason replied that he has to treat the radial nerve after the fracture has been taken care of else- 
where, and the patient comes in with a wrist-drop That decision does not often come up. 

Dr. Goldner then raised a question which comes up frequently. Should tendon transplantation be done 
for radial-nerve paralysis prior to the period of five or six months necessary for regeneration of the nerve, or 
should one wait the usual twelve or eighteen months necessary for the entire muscle strength to return? 
Occasionally, of course, the nerve damage will be irreparable and early tendon transplantation is justified. 
He had seen one patient who had a tendon transplantation at the time of the nerve injury. Although the 
nerve was in continuity, the surgeon decided to do the transplantation in order to aid rehabilitation. The 
transplant worked well, and at the end of a five-month period, the brachioradialis and the other extensors 
showed evidence of re-innervation. As the muscles improved in strength, the hand and wrist went into a 
fixed dorsiflexion deformity. An effort was then made to tape down the transplant and, although this was 
partially successful, there was so much structural shortening that the patient never did regain full volar 
flexion. There is considerable danger in carrying out primary tendon transplantation in radial-nerve injuries 
\ minimum of six months should elapse in radial-nerve injuries; the minimum of six months should elapse 
before tendon surgery is considered. Substitution for the paralyzed opponens is an entirely different matter 
Iiven if the opponens and the other finger muscles show complete regeneration, there is little disability from 
the transferred tendon 


Dr. Srerune Bunnece ™ felt that, if a nerve is sutured primarily, it will come back faster and better 
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than if the suture is done secondarily. Therefore, if the nerve can be repaired well, it should be done. If the 
nerve injury is to be managed by the general practitioner in a small town, it is far better for him to fasten the 
two ends together with one stitch of stainless-steel wire so they will not retract: a secondary suture may 
then be done later in a suitably equipped clinic. 

There is an idea prevalent throughout England that one should not suture a nerve primarily, but should 
wait twenty-one days, because one cannot tell how far back the neurons are destroved. In crushed or ex- 
plosive wounds, they are destroyed farther back than in lacerated wounds. Therefore, since primary suture 
well done gives the best results, all that is necessary in primary suture soon after the accident is to cut back 
the nerve ends farther in explosive and crushed wounds and to suture them primarily. 

As to overcoming gaps in nerves, it has been stated that ten centimeters is all that can be overcome. 
One can successfully overcome fifteen centimeters. One reason that ten centimeters is given as the limit is 
because it was formerly customary after three weeks to allow the limb to be extended little by little. Three 
weeks is not long enough before starting to open the joints. It is true that the nerve juncture is quite firm 
as tested by spring balance in three weeks, but that does not take into consideration that sear tissue under 
steady traction will stretch after three weeks. Therefore, it is better to wait a full month after nerve suture 
before exerting tension on the nerve to make it grow longer. In exerting this tension, the snub method is the 
best. If a turnbuckle or wedge-cast method is used, sooner or later the nerve will be placed on tension. That 
will mean ischaemia which, of course, results in necrosis and eventually fibrosis. By the snub method, the 
nerve is let out little by little twice a week, according to the feeling of the patient. Then it is snubbed by the 
splint to avoid further tension. The arm is, however, left free to flex at both elbow and wrist. Therefore, 
when the patient has an uncomfortable feeling, he will flex his elbow and wrist and thus relieve the ischaemia 
on his nerve. The nerve is not to be stretched longer (it cannot be), but it is to be persuaded to grow longer. 

Dr. J. E>warp FLYNN * raised the question: When repairing a lacerated radial nerve, should one per- 
form tendon transfers for the radial-nerve palsy either simultaneously or shortly afterward? Two factors 
must be clarified before an absolute answer to this problem can be obtained. A good classification of results 
with radial-nerve injuries has not been presented. Some have called a result good if a patient returned to 
work. A good result following radial-nerve palsy must have correction of wrist-drop, of flexion deformity of 
the metacarpophalangeal joints, and of the dropped and flexed thumb. Prolonged splinting causes stiffness 
in fingers. In view of the fact that there is no universal classification of results with radial-nerve injuries, 
there can be no uniformity in reports on results. It is generally believed that results following radial-nerve 
repair are good. However, reports following World War I would indicate that about 25 per cent. were failures 
Mark Iselin, of Paris, advises early tendon transfer following radial-nerve repair. 

Dr. Leo Mayer ™ suggested a review of the paper by Sir Harry Platt on the subject of results following 
radial-nerve suture. He covered the results of 500 or 600 cases and found a very high percentage of return 
of function in the radial nerve. Recovery was best in that nerve 

Dr. Raymonp M. Curtis * brought up the question whether the incidence of causalgia was greater in 
those patients who had nerves primarily or secondarily repaired. He had had two patients with median- 
nerve laceration not repaired primarily in whom a true sympathetic dystrophy of the involved extremity had 
developed prior to secondary-nerve suture. In looking back on these two cases, he had wondered if the result 
would have been different if a primary nerve repair had been carried out. [t is his opinion that where possible 


primary repair of the lacerated nerve should be performed, 


At the business session held on Saturday, January 23, the following officers were elected for the year 
1954 1955: 

President-Elect: 8. Benjamin Fowler, M.D., Nashville, Tennessee ; 

Vice-President: Arthur J. Barsky, M.D., New York, N. Y.; 

Historian: Julian Bruner, M.D., Des Moines, lowa; 

Secretary-Treasurer: George V. Webster, M.D., Pasadena, California. 

The President for the year 1954-1955 is Dr. Joseph H. Boyes. 


The next Annual Meeting will be held at the Statler Hotel, Los Angeles, California, Friday, January 


1955 
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THE AMERICAN ACADEMY OF ORTHOPAEDIC SURGEONS 
The Twenty-first Annual Meeting of The American Academy of Orthopaedic Surgeons was held at the 
Palmer House in Chicago, January 23 to 28, 1954, under the presidency of Dr. Harold B. Boyd 
As arranged by Dr. Alvin J. Ingram and his committee, the Scientific Program was excellent. The 
Scientific Sessions were opened on the afternoon of January 2+ and were continued during part of each day 


through January 28. Summaries of the papers presented at these sessions follow: 


January 24, 1954 


SUNDAY 
The Pathogenesis of Delayed Union and Non-U nion. Dr. R. Urist! and Dr. Ropert Mazer, 


* studied and compared 100 consecutive fractures of the tibia which had healed without bone-grafting 
they attempted to elucidate the basic biochemical and 


Jn 
and eighty-five comparable ununited fractures 
physical derangements in the healing process. Their studies included exhaustive analyses of the patients’ 


records, serial roentgenograms, follow-up examinations, and routine pathological and histochemical studies 
of biopsy specimens from fractures treated by bone-grafting and from fracture sites in limbs amputated for 
non-union 

In the control fractures, healing time was proportional to the length of the shaft damaged. Comminu- 
tion, surgery, internal fixation, and sepsis affected the healing time only in so far as they produced devitalized 
tissue between the viable bone ends. The shaft of the tibia in the adult was found to regenerate at the rate 
of one centimeter per year. The authors concluded that the minimum healing time required before bone- 
grafting is advised should be twelve months for non-comminuted fractures, eighteen months for slightly 
comminuted fractures, and twenty-four months for severely comminuted or displaced segmental fractures. 
Furthermore, they expressed the conviction that multiple wedge and segmental fractures were “‘non- 
operable’, since open reduction had merely increased bone necrosis and had depressed osteogenesis. It was 
noted that about 15 per cent. of the control fractures showed the characteristics often considered to indicate 
non-union or delayed union, while 5 per cent. of control fractures closely resembled the ununited fractures 
seen among the eighty-five cases which had been subjected to bone-grafting. In spite of this appearance, union 
had occurred simply with prolonged immobilization 

The eighty-five ununited fractures were analyzed with reference to: (1) displacement, comminution, 
and missing bone substance, (2) surgical dissection of the fracture site, (3) exposed bone, (4) sepsis, and (5) 
metallic appliances used for internal fixation. The length of the damaged shaft and the amount of the separa- 
tion of the viable bone ends were always greater in the ununited fractures than in the control fractures. 

Two stages in fracture healing were identified: (1) the proliferative phase during the first six months of 
healing, characterized by the production of new bone from the endosteum and periosteum and (2) the re- 
placement phase in which dead bone and fibrocartilaginous callus were replaced by new bone without visible 
external change. In incomplete or undisplaced fractures which healed within six months, the replacement 
phase was hardly apparent and was of no importance. In slow-healing and ununited fractures, on the other 
hand, the replacement phase was greatly prolonged and was preceded by a latent period of relative inactivity. 

Anatomical and histological examinations were made of biopsy specimens from fifty fractures, from nine 
fractures in limbs amputated because of non-union, and from one fracture which had healed in a tibia ob- 
tained at autopsy seven years after injury; eleven biopsy specimens were obtained four to six months after 
injury. The only tissue found in specimens from fractures with delayed union or non-union, not present in 
normal fractures, appeared in the middle of the fracture gap and consisted of incompletely organized fracture 
hematomata, partially liquefied hematomata within a dense fibrous capsule, or even sterile pus in fractures 
in which infection had not been considered possible. Chronic inflammatory connective tissue and amorphous 
material consisting of fibrinoid, hyaline, and mucinous fluid appeared in the fracture gap subsequently. The 
histochemical characteristics of the amorphous material were demonstrated by various techniques. The 
presence of fibrinoid in the later stages of healing was interpreted as evidence of a defective cartilage model 
and an inadequate induction system for bridging the fracture gap. An additional finding was the failure of 
the dense sear tissue normally present in callus to regress and to be changed to bone. This was found especially 
in cases with chronic sepsis, but it was also found in the presence of purely traumatic inflammation resulting 
from motion at the site of non-union 

Fifty specimens were examined six to twenty-four months after injury. These showed essentially the 
sume changes; they were, however, more advanced 

Nineteen specimens examined two to five years after injury showed the formation of mature pseudar- 
throses. The proximal bone end was expanded and saucerized, while the distal bone end was rounded. Op- 
posing bone ends consisted of bone, fibrocartilage, and collagenous fibers, together with a laminated amor- 
phous material which included fibrinoid. About the periphery of the cup-shaped proximal bone end there was 
evidence of continuous new-bone formation, indicating that the process of bone repair had not ceased, but 
rather that it was misdirected and was not drawn into the fracture gap to produce union. 

1019 Gavley Avenue, Los Angeles 24, California. 
U.S. Veterans Hospital, Los Angeles 25, California. 


AND JOINT SURGERY 


BONE 


JOURNAL OF 


| 


PROCEEDINGS 677 


The results of ten types of surgical operations for ununited fractures were studied. It was concluded 
that all of the standard surgical procedures for bone-grafting are capable of producing union, but that the 
success of the operation is determined by the proliferative reaction of the bone ends and not by the bone 
graft. The operation was thought to introduce a new injury and a new proliferative response. The bone graft 
did not take an active part, but appeared to act as a catalyst or inductor, being incorporated into the host 
bed after union had occurred. Bone-grafting without the excision of the fibrocartilaginous callus was found 
to be successful before eighteen months of healing had elapsed. After this, excision of the bone ends, osteotomy 
of the fibula, and telescoping of the fracture to produce contact of viable bone ends was deemed advisable. 
Recurrence of sepsis was the chief cause of failure of all bone-grafting procedures. Radical leg shortening, 
which had been used successfully in five cases, was offered as an alternative to amputation in old ununited 
fractures with large, soft-tissue defects after repeated bone-grafting operations. 

Dr. GRANVILLE A. BENNerr *, in discussing this paper, briefly reviewed the factors which impair frac- 
ture healing and emphasized that, although the finding of fibrinoid in the fracture callus was of interest, its 
significance must be interpreted with caution. Fibrinoid is difficult to define exactly, and its occurrence may 
represent either the cause or the result of defective healing sequence. 

Dr. Joun J. FLANAGAN * emphasized the importance of distraction and impaired blood supply in the 
development of delayed union. He made a plea for closed reduction whenever possible and for the early 
recognition of delayed union. If, after three months, union appears to be delayed, he favored drilling of the 
bone through the periosteum. Thirty to fifty channels, made in this manner, were advised. 


M uscle-Pedicle Bone Grafts. Dr. Harriey® and Dr. NorMAN gave a straightforward 
report on experiments carried out on rabbits in an attempt to answer the question can autogenous bone 
grafts be kept viable if a muscle pedicle is permitted to remain attached. Control experiments in which bone 
grafts were used without muscle pedicles revealed necrosis of the bone grafts. Bone grafts retained viability 
from one-seventh to nine-tenths of the thickness of the graft in cases in which muscle pedicles had remained 
attached. In a few instances in which the pedicle had become replaced by scar, there was total bone necrosis. 
These experiments were of interest because tantalum foil had been placed around the bone in such a way 
that any viability of bone would necessarily be the result of nutrition fed through the muscle pedicle. The 
grafts in these experiments were taken from the lateral portion of the ilium, and portions of the gluteal 
muscles were left attached to act as pedicles. 

Dr. Joe B. Davis? discussed the muscle-pedicle graft. His and Dr. Taylor's experimental and clinical 
results were essentially the same as those presented by Dr. Hartley. He had utilized the anterior crest of the 
ilium with the tensor fasciae latae and the anterior part of the glutaeus medius attached in hip fusion and the 
posterior crest of the ilium with the glutaeus maximus attached in sacro-iliae arthrodesis. He had not been 
able to utilize in lumbosacral fusion the posterior crest of the ilium with the sacrospinalis attached, but he 
had been able to use successfully an acromion-deltoid graft in shoulder arthrodesis. 

Dr. Paut R. Lirpscoms * emphasized the importance of recognizing the age of the animals in all experi- 
mental studies of osteogenesis. Comparable results are possible only when animals used are of the same age, 
size, and strain and of the same environmental influences and, preferably, sex. He also pointed out that frankly 
necrotic and newly formed and proliferating bone can be distinguished microscopically, yet it often could 
not be definitely determined whether a given section of mature bone had been alive or dead at the time the 
animal was sacrificed. Cells of normal appearance occupying lacunae may not have been alive and cells 
which appeared shriveled in the secticns may not have been dead. If there is evidence that an osteocyte re- 
verted to the form and function of an csteoblast and multiplied under the stimulus of injury or disease, it 
may be accepted that it was alive. He considered that the work of Dr. Hartley and Dr. Silver had shown con- 
clusively that ‘‘an isolated segment of bone in a short muscle-pedicle graft” is capable of repair when frac- 
tured; further work is necessary before one may conclude that a longer muscle pedicle and one twisted on 
itself is capable of producing adequate nourishment. 


Osteotomy and Osteotomy Combined with Bone-Grafting in the Treatment of Non-U'nion Following Fracture 
of the Femoral Neck. Dr. Marcus J. Stewart and Dr. Roperr referred briefly to the various 
methods of treatment of fractures of the femoral neck, including reconstruction and the recent increasingly 
popular hip prosthesis. They presented a critical analysis of 100 cases of non-union in fractures of the femoral 
neck which had been treated by various types of high and low angulation osteotomy, and they provided a 
somewhat discouraging picture because of the incidence of arthritis and aseptic necrosis. In an effort to im- 
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prove these results, osteotomy had been combined with the insertion of a bone graft through the osteotomy 
site and into the femoral head. Twelve additional cases were reported in which this had been done after the 
method of Phemister. The method is based on the principle of revascularization of the femoral head through 
the creation of a new channel of blood to the capital portion of the femur from the rich vascular area at the 
osteotomy site. Internal fixation is provided. Preliminary results suggest the usefulness of this operation in 
selected cases of non-union in which the femoral head is intact and its cireulatory status is questionable 
Function of a normal femoral head was felt to be superior to that of any prosthesis. 


Discussing the report, Dr. James A. Dickson " stated that his own conclusions regarding failure of 


union and avascular necrosis were that these complications must be detected early, that the fracture must 
be converted into a low angle type by osteotomy in order to overcome shearing stresses, and that a bone 
graft must be inserted in order to provide internal fixation and to stimulate revascularization and creeping 
substitution. He believes that cancellous grafts for this work are superior to cortical grafts. 

Dre. Paun C. Covonna ™, in discussing this paper, took exception to the phrase “increasingly popular 
hip prosthesis”. He deteeted a much more careful selection of cases for this procedure and an over-all lack of 
enthusiasm among orthopaedic surgeons for it. He hoped that the hip prosthesis would be more constructively 
and selectively employed. Dr. Colonna said that he had found it difficult to detect avascular necrosis. Of 
course patients giving roentgenographic evidence of absorption and frank necrosis and those without evi- 
dence of necrosis present no problem; patients in the ‘‘in-between” group are those in whom diagnosis of 
He felt that shortening of the extremity of 2.5 centimeters or more, present in half of the 


necrosis is difficult 
patients, could have been avoided with the use of the Dickson geometric osteotomy or his trochanteric re- 


construction 


\asocialed with Undiagnosed Posterior Lesions of the Medial Meniscus. Dr. M. 


Popliteal Cysts 
CnitpRess reported having excised twenty-one popliteal cysts (Baker's cysts) in seven years. There were 
no recurrences. In three patients, however, the result was unsatisfactory and each was later re-operated 
upon, at which time arthrotomy revealed a previously undiagnosed tear of the posterior part of the medial 
meniscus. Excision of the torn meniscus relieved symptoms in each. 

Three additional patients were operated upon, and the meniscus only was excised. In two of these, the 
cyst subsided spontaneously, while in the third it was subsequently removed. 
The author feels that a new approach to the treatment of popliteal cysts is indicated, In the preliminary 


the knee and the eyst should be aspirated, and the knee should be carefully examined for 


examination 
If such a tear is found, the meniscus, not the cyst, should be excised. 


evidence of tear of the meniscus 
In discussion, Dr. H 
removed at the Mayo Clinie, 14 per cent. were associated with rheumatoid arthritis, while 12 per cent. were 
was found which was associated with 


BickeL “ reported that, in a series of 100 consecutive popliteal cysts 


associated with various other forms of joint disease. A recent case 


villonodular synovitis. This had been overlooked elsewhere at the time the cyst had been excised. Two per 


cent. of the cases were associated with meniscal Injuries, 


Monpay, JANUARY 25, 1954 


tn Evaluation of the Putti-Platt: Reconstruction Procedure for Recurrent Shoulder Dislocation. Cour. 
Iennest A. Bray “ reviewed his experience with sixty-nine patients with recurrent dislocation of the shoulder 
who had been operated upon according to the original Putti-Platt reconstruction (thirty-one patients) or a 
modification of that procedure (thirty-eight patients). The modification of the Putti-Platt operation consists 
in a shorter and straighter incision and the ligation of the cephalic vein. The conjoined tendon is not excised 
from the coracoid, the glenoid cavity is not curetted anteriorly, and the distal stump of the subscapularis 
tendon is not sutured to the capsule but is left loose inside the shoulder joint; the capsule and the subscapu- 
laris muscle are sutured over it anteriorly. It was pointed out that recurrent dislocation of the shoulder 
occurred on the subdominant side in twice as many patients as it did on the dominant side; this is seemingly 
due to the inferior muscle development and coordination on that side. Almost 25 per cent. of the patients 
gave no history of injury whatsoever prior to the development of recurrent dislocation of the shoulder, and 
eighty-three per cent, of the patients had had inadequate treatment of the first dislocation. The common 
changes, as seen roentgenographically, were a defect of the humeral head (seen in forty-one of sixty-five 
patients), the development of new bone in the anterior lip of the glenoid labrum (seen in twelve of sixty-five 
patients), and loose bodies in the shoulder (seen in four of sixty-five patients). The most common operative 
finding in the series was a thinning, with or without separation, of the glenoid labrum anteriorly and inferiorly. 

Recurring dislocation occurred in three patients of the sixty-nine; two of these patients had been sub- 
jected to the simpler modified procedure. In three other patients, stiffness of the shoulder developed which 
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three patients in the group were dissatisfied with the result because 


required manipulation following surgery ; 
of pain and limitation of motion to a degree which interfered with their desired activities. All patients with 


successful results had some degree of external rotation following the procedure. The author advises waiting 
at least one month after a dislocation before a reconstructive procedure is attempted. 


In discussing the report, Dr. Carrer R. Rowe ' pointed out that postoperative recurrence in a series 
in which the standard Putti-Platt procedure had been used was only 4.5 per cent. for a five-year period, 
whereas postoperative recurrence in the series treated by the modified operation was 10 per cent. for a two- 
year period. He questioned the advisability of using the simplified procedure on young active patients. 
Recognizing that recurrence falls off sharply after forty-five vears of age, he felt that there might be some 
justification for using the shorter and easier operation in older patients. Reviewing other published recur- 
rence rates for various widely used operations, he emphasized that any procedure which results in reeur- 
rence in over 5 to 6 per cent. is substandard. He stressed the importance of long follow-up — in one series he 
had found 33 per cent. recurrence in one to three years, 29 per cent. recurrence in three to five years, and 38 
per cent. recurrence in five to ten years. 


Dr. Paut B. Macnuson " called attention to the one absolute essential in operations for recurrent dis- 
location of the shoulder, namely, the provision of an active restraint to forward displacement by the forcible 
holding of the humeral head in the joint. He considered, as recommended in his operation, the subscapularis 
muscle ideal for this purpose. The divided insertion of the muscle is sutured to the bone at the anterior lip 
of the bicipital groove below the tip of the greater tuberosity. He stated that he had had no recurrences since 


he began to use this operation in 1941. 


In closing the discussion, Col. Bray regarded a recurrence in two of nineteen patients as not necessarily 
being 10 per cent. because of the smallness of the series. He stated that he had seen many recurrences after 


the Bankhart and the Magnuson operations. 


The Surgical Management of Residual Deformities of the Shoulder Following Birth Injuries of the Brachial 
Plerus. Dr. Jack Dr. Epwarp T. Hasiam and Dr. Ropert H. Hurcuinson presented 
an encouraging report of the results of their treatment of obstetrical paralysis in fifty-four patients. Damage 
to the brachial plexus was minimal in twenty-eight patients and was moderate in two patients. Exercises and 
abduction splinting had yielded lasting satisfactory results. Surgery had been necessary in twenty-four pa- 
tients; all of these showed moderate or severe nerve injuries. Section of the pectoralis major and of the sub- 
scapularis (“ever operation) had been carried out in three. These patients showed improved external rotation 
without an increase in the range of abduction, but there was a tendency for the improved external rotation 
to be lost over the years. In ten patients, release of the contracted internal rotators was combined with the 
transplantation of the insertions of the teres major and the latissimus dorsi, posteriorly and laterally, beneath 
the lateral head of the biceps (the L’ Episcopo operation). Improvement in external rotation and abduetion 
was not only maintained but was continued. When a long-standing internal rotation contracture had re- 
sulted in a flattened humeral head and a deformed glenoid fossa which prevented rotation (six patients) 
derotation osteotomy of the humerus above the insertion of the deltoid had improved function, making it 
possible for the patient to bring the hand to the mouth in a natural manner. In several patients, there had 
also ensued improvement in abduction. Five patients had had posterior dislocation of the humeral head with 
fixed internal-rotation contractures. Release of the subscapularis and the pectoralis, together with an open 
reduction of the dislocation (Fairbank operation), had given excellent results in four. The operation had been 
modified by the addition of internal fixation of the humeral head to the glenoid labrum in external rotation 
by means of a transfixing Steinmann pin which was left in place for four weeks. This was followed by addi 
tional immobilization in the corrected position for three more weeks. A striking feature after reduction in the 
group of patients with dislocation and in those treated with derotation osteotomy was the marked improve- 
ment in function of the entire arm. 

Discussing the report, Dr. Carn BapGiry ® spoke favoring treatment by shoulder fusion in patients 
whose shoulder joints had become deformed and were otherwise unsuited to the L’Episcopo operation. He 
had found the L’Episcopo operation to be a most successful procedure for those patients who can passively 
raise the arm in external rotation but who cannot actively do so. He felt that in the older patients there was a 
place for the derotation osteotomy. 

Dr. Tom OvTLaNn ® stressed the great importance of evaluating the extremity as a whole before treat 


ment was decided upon 
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The Transmetatarsal Amputation in Peripheral Vaseular Disease. Dr. HERBERT bk. PeveRsEN * and Dr. 
\. Jackson Day ™ reported a series of twenty-three transmetatarsal amputations, as recommended by Dr. 
MeKittrick in 1944, in twenty-one patients with gangrene of one or more toes due to peripheral vascular 
disease. Three were for thrombo-angiitis obliterans, five were for arteriosclerosis, and fifteen were for diabetes 
with arteriosclerosis. Mild to moderate cellulitis was present in all but one instance. Proper selection of cases 
is essential: the gangrene and infection must be stabilized, and the gangrene must be confined to the toe level. 
The better the nutritional status of the foot as a whole, the better the chance of success; yet the absence of a 
palpable pulse below the iliac or femoral arteries is no contra-indication. Patients are told of the advantage of 
the low level of the amputation, by which they may be free of a prosthesis, but they are warned of the definite 
possibility of failure. Two to three weeks of recumbency, with the head of the bed elevated a few inches, is 
essential. During this period of preparation, every accredited means of stabilizing the infection is instituted, 
and only after the gangrene and infection have become stabilized can the transmetatarsal amputation be 
considered 

The incision across the dorsum of the foot and the level of the bone amputation are just proximal to the 
metatarsal heads. A long plantar flap is made by carrying the incision across the sole and down to the bone 
about one centimeter proximal to the proximal flexion crease of the toes. The most painstaking gentleness is 
indispensable. A one-layer closure is preferable; this should be exact and smooth. 

Of the twenty-three amputations, eight healed by first intention, none healed secondarily, and four 
were reported to have small areas of granulation and should heal. Two amputations were gross failures, and 
above-the-knee amputations for progressive gangrene were done. In 56 per cent. of the patients, wound heal- 
ing was delayed 

In discussion, Dr. Donacp B. Stocum ® re-emphasized the importance of thorough preparation, where- 
by the gangrene and the infection are first stabilized, before operation may be considered. The operation is 
contra-indicated when the gangrene is due to sudden arterial occlusion. 

Dr. Harry D. Morris ” felt that the long period of preparation before the amputation could be properly 


performed olten made the procedure difficult to choose for economic reasons. 


The Internal Architecture of the Femur. Its Clinical Significance. Dr. WiiiiaM J. Tosin *? discussed the 
trabecular pattern and cortical structure of the upper end of the femur. The normal structure of the femur 
was discussed first; Dr. Tobin then dealt with the effect morphologically of varus and valgus deformities. The 
effects of function on structure were illustrated by the form of the upper portion of the femur of the sloth. 
Lastly, the proper position of a nail in order to secure the most effective fixation in the treatment of fracture 
of the femoral neck was discussed, as well as fundamental considerations in the design and insertion of hip 
prostheses 

This study was instructively discussed by Dr. Eywarpv T. Hapousn * from the point of view of the bi- 


ologist and by Dr. Cuartes W. Gorr * from the point of view of the anthropologist. 


Vertebra Plana (Calvé's Disease) Due to Eosinophilic Granuloma. In a well documented presentation, 
Dr. Epwarp L. Compere ®, Dr. Jounson and Dr. Mark B. Conventry ® advanced the 
concept that so-called Calvé’s disease was due to eosinophilic granuloma of the vertebral body. In support 
of their claim, they presented four patients with characteristic vertebral-body changes which had been 
demonstrated by x-ray. In each the diagnosis of eosinophilic granuloma had been proved by open biopsy; 
one had « proved rib lesion in addition to vertebral-body involvement, one had a proved lesion of the eighth 
thoracic vertebra, one had a lesion of the fifth thoracic vertebra, and the fourth had a comparable lesion of 
the fourth theracie vertebra, together with lesions of the same appearance in the left clavicle and in the left 
seventh rib. Resection of a portion of this rib revealed eosinophilic granuloma. 

The discussion was opened by Dr. J. Witttam HituMan ™ who reported a case similar to the four shown 


which had proved on open biopsy to be a highly malignant undifferentiated sarcoma. 


De. Samveen. Prevo ™ expressed the view that neoplastic or hematogenous osteomyelitic lesions might 
I 


conceivably show a picture similar, clinically and roentgenographically, to that seen in the active phase of 
disease in the cases presented. When the vertebral body is flattened and sclerotic, as deseribed by Calvé, he 


suggests that the disease process is spent and the diagnosis would not then be important in treatment. 
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The Management of Arterial Injuries in Battle Casualties. Dr. FRANK C. Spencer ® and Dr. Ray V. 
(CREWE ® reported their experience in treating ninety-seven arterial injuries in eighty-five patients in active 
military duty in Korea. Surgical repair had been made possible a few hours after injury through helicopter 
evacuation of the injured. Arterial repair was considered for all injuries to major arteries, the major arteries 
being the subclavian, axillary, brachial, iliac, femoral, popliteal, and posterior tibial above the peroneal 
artery. The crucial considerations in each case were the additional time needed for the repair in view of the 
needs of other wounds, the hazard of infection, and the factor of limb survival in relation to the time between 


the infliction of the wound and the completion of arterial repair. 

The majority of the patients were seen four to six hours after injury; a few were seen fifteen to thirty 
hours after injury. No primary amputations were done, although it was recognized that, if the preoperative 
ischaemic changes were irreversible, amputation might be necessary. 

Pressure dressings of gauze had usually controlled hemorrhage. Tourniquets were employed infrequently. 

Diagnosis offered no problem when the limb was cold, pale, and pulseless. Bright blood usually meant 
arterial injury. A history of shock at the time of injury and small wounds with no active bleeding often meant 
arterial injury with a sealing clot. In some cases, no indication of arterial injury was noted before operation. 

The intravenous administration of three to five liters of blood under pressure usually allowed completion 


of preoperative resuscitation in one to three hours. 

Spinal anaesthesia or brachial plexus block was used in the less severely injured. A tourniquet was used 
only until the ends of the injured vessel had been isolated; this saved time. Arterial occlusion was secured 
with bulldog serrefine clamps or rubber catheters. Only grossly injured arterial segments were removed, al- 
though the intima was often more damaged than could be seen externally. Removal of the adventitia from 
the ends of the arteries facilitated suturing which was done with 00000 silk, the Carrel triangulation technique 
being used. When narrowing of the vessel did not exceed 20 to 30 per cent., lateral or transverse repairs were 
done. End-to-end suturing was used when approximation was possible withcat too great tension. Arterial 
homografts were used when arterial ends could not be approximated. Extensive mobilization of the artery 
with ligation of branches was not done. Most of the grafts were four to six centimeters in length. Venous auto- 


grafts were used in three of the early patients in the series. 

After suture, restoration of arterial and venous flow was prompt and strong. Arterial spasm was infre- 
quent; when it was present, it subsided in fifteen to thirty minutes after the topical application of 2 per cent. 
papaverine. Irrigation was done during the suturing with a dilute heparin solution; otherwise anticoagulants 


were not used. 
The accompanying vein was ligated only if it had been injured, Débridement was complete. The sutured 
vessel was surrounded by soft parts held in place by sutures. Otherwise, the wound was left open for closure 


by secondary suture in four to seven days. 
Anterior and posterior fasciotomies were done extensively in the lower extremity following popliteal 


injuries because the muscles of the lower extremity are so prone to ischaemic necrosis. 

Following operation, the limb was usually immobilized for three weeks in a posterior plaster molded 
splint. Adequate blood replacement was felt to be the most important preventative of vasoconstriction. If 
restoration of the local circulatory status had not been achieved in four to six hours, re-exploration was seri- 


ously considered. 

Detailed results were available in most cases over a period of four to eight weeks of follow-up. There were 
six deaths, two of which may have been related to the arterial repair. Twenty cases (22 per cent.) came to 
amputation; about half of the amputations were attributable to irreversible preoperative ischaemia (in seven 
of the ten cases, fourteen hours had elapsed between wound infliction and arterial repair). Forty-seven of the 
cases were repaired with a vascular graft of which forty-four were arterial homografts and three were venous 


autografts. There were twenty-four anastomoses, eighteen lateral sutures, and eight ligations. 
(sa result of this experience, it was concluded that vascular repair is a feasible procedure which requires 


considerable over-all knowledge of vascular surgery. 


Presidential Address: Global Orthopaedics. Dr. Haron B. Bop. This Address was published in full in 
The Journal of Bone and Joint Surgery, 36-A: 213-218, April 1954. 


A Continuing End-Result Study of Intracapsular Fractures of the Neck of the Femur. Dr. Maruer CLeve- 
LAND and Dr. J. W. Fiecoine * demonstrated the value of continuing case analyses in fractures of the 
femoral neck. Of their last 100 cases, the present study shows that sixty-three with displaced fractures were 
followed; forty-nine fractures united. Twelve patients showed circulatory changes in the femoral head, this 


was of a major crippling disability in seven 
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tesort to open reduction was necessary in three patients because of the inability to reduce the fracture 


manipulation. In two of the patients who underwent open reduction, the fracture united without complica- 


tions: in one it failed to unite 
hight of the fourteen instances of failure of union were attributed to inadequate initial reduction and six 


to faulty insertion of the nail 
When avascular necrosis had developed, it usually occurred within eighteen months. In two instances 


nother it was first seen at twenty-seven months 


it wae first noted at two vears; in 
The comparison of results of the present series with 235 patients previously reviewed is of interest 


In the discussion which followed, Dr. Kart D. McBrive and De. Lenox D. Baker stated that 
their results were comparable and that they felt that every effort should be made to obtain union and a viable 


head 


For this there is no substitute 


Intermittent Claudication of the Hip. Dr. Georce 8. PHaLen “ called attention to a cause of low-back 
often escapes diagnosis 


ind sciatic-distribution pain which is not generally recognized and, consequently 
Pain and weakness on limited exertion, with prompt and complete relief with rest, frequently found referred 
to the calf, may occur in the low back, the buttock, and in the posterior portion of the thigh, leg, and outer 
It is due to occlusive disease of the terminal aorta or iliac arteries. Evidence was presented 


border of the foot 


that the condition is not uncommon 
In diseussion, Dr. OrMAND C. JULIAN @ pointed out that in the involved regions no notable structural 


changes occur because collateral circulation develops which is adequate for maintenance provided activities 
ire limited. There is definite evidence of limited blood supply to the extremity, although it is not clear why 


one patient with iliac obstruction may have hip claudication and another may have calf claudication. He had 


not found bilateral lumbar sympathectomy to be uniformly successful in the treatment of calf claudication; 
Arterial resection with 


results from its use in the treatment of hip claudication were not definitely known 


homologous-graft replacement had been suecessful in seven of nine patients who had hip claudication or calf 


claudication 


presented a scholarly treatise 


Bone and Joint Tuberculosis and Its Treatment. Dr. Oswaripvo P. Campo 
on tuberculosis dealing with the development of the primary lesion through the primary complex and the 


later involvement of osseous and joint structures. The opinions and writings of many men were reviewed. 
he accepted or ruled out certain opinions, thus enhancing the 


On the basis of his own personal experience 
The control of the progress of the lesion by the general measures available before the 


value of his review 
introduction of antibioties or chemicals was contrasted with that made possible by the advances in treatment 


which developed from the use of streptomycin and, later, from the use cf the chemical isoniazid. He had not 


tried iproniazid. He indicated his intention of furthering his study with the use of iproniazid in a controlled 


series. His experiences indicated that the late reactivation of a tuberculous infection in a joint which had not 


been solidly ankvlosed is always a danger and that anky losing surgery in weight-bearing joints is still needed. 


He emphasized the fact that paraplegia requires treatment by spinal ankvlesis and that the use of laminec- 


tomy in the treatment of this ecmplication is without foundation. He confirmed the findings of others that the 


sedimentation rate is not a reliable guide. Most important was his reference to the lymphomonoecytic index. 
This he credited with giving positive evidence of the acute invasive stage of bone or joint disease, during 
He noted that this acute invasive stage can be more 


which st we one is defeated if one attempts surgery 
rapidly terminated by the use of streptomycin than was possible before streptomycin was available; and it is 


even more rapidly terminated by the use of isoniazid 


Internal Rotation of the Tibia. Dr. W. Hower “ and Dr. Louis A. © discussed the 


clinieal detection of medial tibial rotation, the factors in its development, and the conditions with which it is 


clinieally associated. They felt that the clinically significant expression of tibial rotation is the angle made by 
the long axis of the foot in “the neutral position” with the long axis of the thigh when the knee is flexed at 


0 degrees. The angle is ‘sight measured” 
\t birth, medial tibial torsion of 10 to 30 degrees or more was found in 98 per cent. of 700 tibiae; at five 


vears of age, 14 per cent. of 100 tibiae showed medial torsion of over 5 degrees, and at ten years of age 9 per 


had over 5 degrees. There is greater involvement of the left tibia than of the right. 


Medial tibial torsion, with adduction of the fore part of the foot and adduction contracture of the hip, 


had been found in various combinations in 144 of 350 infants. Of 450 patients examined, ninety-six presented 


Medial 


appearance which was unassociated with other manifestations of medial torsion 


toe 


Oklahoma 
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torsion was present in all cases of bow-leg, and pigeon-toeing in these cases was not unusual. Compensation 
was usually gained by the use of the hips in external rotation. Bowing of the lower portions of the tibiae 
may persist and may be very disfiguring. A late development is degenerative arthritis of the knees; this was 
seen in nineteen late in life. In most cases, degenerative arthritis was more marked in the medial compart- 
ment and was greater on the side of greater torsion: in the few cases in which one of the tibiae had not been 
involved, there was no change on the unaffected side. Compensation for severe torsion had usually been ac- 
complished by eversion and abduction. Karly correction would have prevented this. 

Flat feet were observed in 147 patients with medial torsion. If the foot was relatively rigid, pigeon-toeing 
occurred ; if the foot was relaxed, there was abduction and eversion. 

Torsion of over 20 degrees was considered to be an indication for the use of the Denis Browne splint 
worn at night and during naps. Conversion is gradual. Bow legs are corrected with derotation. Follow-up on 
these patients was not long enough to allow adequate support for the data to be presented. 

In discussion, Dr. J. Hiram Kire “ pointed out that, while in some children medial torsion is a con- 
genital deformity, an angulation occurs at the epiphyseal line at each end of the tibia. He stressed the danger 
of the knee-chest position which some children assume while sleeping. This is the source of bow-leg and 
pigeon-toeing. He noted that these children often acquire the habit of sitting with their feet folded under 
them in the pigeon-toed attitude. He felt that, without inversion in internal rotation of the hip, the tibial de- 
formity is congenital; with inversion, the child has the habit of sitting on the legs. In the latter case, correc 
tion of the faulty sitting habit is sufficient, but in the former case, double braces are indicated, 

Dr. 1. Wittiam Nacuias pointed out that an outward rotation of the femur commonly accompanied 
tibial torsion, that the use of the Denis Browne splint was not without adverse strain effects on the hips, 
knees, and ankles, and that he favored Dr. Kite’s manipulation performed by a carefully instructed mother, 
He had not had to perform derotation osteotomies. 


WeEbDNEsDay, JANUARY 27, 1954 


Advantages of Knee Disarticulation over Amputations through the Thigh. Cou. J. W. Baron *, Con 
A. W. Sprrrcer “, and Capr. J. G. McFappin discussed knee disarticulation with a review of twenty-eight 
cases treated at Walter Reed Army Hospital since 1950. History. indications, and technique were reviewed: 
a brief statistical summary was presented. The advantages of the broad-based, insensitive. end-bearing 
stump, with excellent muscle control, were stressed. From the prosthetic viewpoint, the value of the bulbous 
stump in the control of the prosthesis and the elimination of the pelvie belt was emphasized. Issue was taken 
with the statement that such stumps were difficult to fit satisfactorily, and several excellent examples of 
satislactory prostheses were shown. 

Dr. 8. Perry Rogers", while extolling the excellence of a satisfactory, well fitted knee disarticulation, 
warned of the difficulties of obtaining a satisfactory artificial limb, urged the fixation of the patella to the 
femur, and cautioned against using this amputation in patients with diabetes or arteriosclerotic gangrene 

Dr. James f. BATEMAN  re-affirmed his belief, and that of his colleagues, in the end-bearing principle 
of the stump, both at the knee and the ankle. He had used the Gritti-Stokes amputation at the knee 


Histopathological Alterations of Adrenal and Anterior Pituitary Glands in Patients Treated with C'orlisone. 
Dr. W. A. Bennett ™ called attention to the dangers of the suppression of adrenal cortical and pituitary 
function in patients treated with cortisone and corticotropin, He cited two instances in which death had oc- 
curred in the immediate postoperative period as the result of adrenal insufficiency. To elucidate this problem, 
he had investigated the adrenal glands of 190 patients who had received cortisone for such diseases as acute 
leukaemia, disseminated lupus erythematosus, periarteritis nodosa, and rheumatoid arthritis. The glands 
showed weight loss and depletion of lipid, resulting in pallor and thinning of the cortex and, as seen micro- 
scopically, in shrinking of the cortical cells and disappearance of the lipid granules. There was no decrease 
in the number of these cells or change in their nuclei. nor were there changes in the interstitial cells, In general, 
if cortisone had been given for less than five davs. if the dosage had been less than 150 milligrams, or if therapy 
had been discontinued more than twenty days before death, there was little evidence of atrophy. However, 
considerable individual variation was found. The results of a previous study of seventy-seven pituitary glands 
obtained from patients who had received cortisone. corticotropin, or both, were also summarized. No appre- 
ciable change in weight was found, all changes being confined to the basophils, which represent but 8 per cent. 
of the cells of the gland. The basophils characteristically showed at first loss of granules from their eytoplasm. 
This was followed by reticulation or vacuolization and. after prolonged hormone therapy, by hyalinization 
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Bennett concluded that there are no 


similar to those seen in Cushing's syndrome 


Such changes are Dr 
clinieal or morphological means available at present to determine with accuracy (1) the relationship of adrenal 


itrophy to the dosage or to the duration of treatment or (2) the time necessary for recovery, which may be 


weeks or months. The atrophy, loss of lipid, and depression of function of the adrenal cortex, which may be 


induced by cortisone, are a consequence of suppression of pituitary function rather than a direct effect of 


cortisone on the adrenal cortex. Since both cortisone and corticotropin may produce similar histological! 


changes in the pituitary gland, it should be assumed that the withdrawal of either may produce acute 


idrenal insufficiency after surgery. This is an infrequent but serious complication 


Surgical Treatment of Spondylolisthesis without Spinal Fusion (Eecision of the Loose Lamina with De- 
compression of the Nerve Roots). Dr. Gerarp G. Dr. Joun G. Mannine ©, and Dr. Hugh L. 


stated that back pain and pain of sciatic distribution which may occur in spondylolisthesis are due not to 


instability of the vertebral body but to nerve-root compression and irritation. This may be produced by one 


of two mechanisms, or by both. One is the rocking of the loose laminal arch on extension of the spine which 
may produce traction on the first sacral-nerve root and the other, which they reported to be more common, is 


compression of the fifth lumbar-nerve root by a mass of bone and fibrocartilage in the area of the defect in the 


pars interarticularis 
Originally they had performed a decompression operation by removing the loose portion of the arch: 
In fifteen subsequent patients, however, complete de- 


this was followed by a spine fusion done laterally 
compression without spine fusion was carried out. In these, decompression consisted not only in the removal 


ol the loose posterior element and, where indicated, a superior tacetectomy but also in the removal of the 


fibrocartilaginous masses which were found to be almost constantly present in the region of the defects at the 
pars interarticularis. They deseribed these masses as typical pseudarthroses. The follow-up period of their 


patients was from five weeks to three and a half years. 
Not all patients had complete relief; and, in some, early relief was obtained, but, later, return of lesser 


symptoms oecurred. These symptoms were felt to be due to postoperative adhesions, and treatment usually 


consisted in the ¢ pidur il injection ol fifty to sixty cubic centimeters of procaine and hydrocortone, deep X-Tuy 


therapy, and straight-leg-raising manipulation 
Four of the patients operated upon failed to obtain relief after spine fusion; they were relieved after being 


subjected to adequate decompression and the removal of the fibrocartilaginous mass 


The authors felt that the patients who were operated upon by the simple removal of the loose portion of 


the neural arch, with superior facetectomy, occasionally recover more rapidly following the operation than 


do those in whom spine fusion is undertaken. Typical comments on these patients were: ‘‘No support is 
‘No further vertebral-body displacement has occurred ”’; 


worn”: They regain full range of back motion” 


No static backache results’ 
In discussing this concept of the pain mechanism in spondylolisthesis and the surgical treatment pre- 


sented, Dr. Lee T. Forp ® reported a series of patients operated upon on Dr. Key's Service during the past 
| 


whom this decompression technique was used. In each they had found the pathological changes de- 


yveur in 
scribed. Two in this series had had dise rupture which required further nerve-root decompression. They had 


found it unnecessary to give epidural injections of procaine and hydrocortisone or to resort to postoperative 


manipulations. They had not encountered further slippiag, although they had been fearful of it, and had been 
prepared to advise fusion if it did occur. Dr. Ford felt that these neural-arch defects were of a higher incidence 


than generally believed and quoted Roche and Rowe as having reported an incidence of over 6 per cent. in 


1,000 skeletons examined 
Dr. M. Srrayer, Jr., 
occurring at the defects in the pars interarticularis may cause nerve-root irritation, and he agreed that the 


stated that he too believed the fibrocartilaginous masses described as 


anterior longitudinal ligament is strong enough in most cases to prevent further slipping of the displaced 


He felt that faceteetomy was unnecessary and considered that a well performed fusion fol- 


vertebral body 
lowed by careful postoperative management was a good method of treatment for all but patients with severe 
He felt that the method advocated by the author 


involvement who presented large and unusual defects 
” to treat the severely involved. 


‘may lay the foundation for a satisfactory way 
In closing, Dr. Gill emphasized that many in his series were patients who had had one to three unsuccess- 


ful fusion opm rations in good clinies and had been badly disabled before the decompression operation Wiis 


undertaken 


Dr. Macrice B. Rocne writes: 
tion. | would like to take this oceasion to voice a plea for proper terminology. There is an increasing tendenes 


‘Gratefulness is expressed to the authors for their excellent presenta- 


to refer to these lesions as pecdic le defects 
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“The arch of a vertebra is formed by the two roots (pedicles) and the two laminae and supports seven 
processes — one spinous, two transverse, and four articular. The region between the body and the superior 
articular process has been commonly referred to as the root or pedicle, the region between the superior and 
inferior articular process as the pars interarticularis, and the portion between the superior articular process 
and the spinous process as the lamina. Defects may occur in the pedicle, either anterior or posterior to the 
transverse process, in the pars interarticularis, in the lamina, or in the spinous process 

‘Bilateral defects through the pedicle and posterior to the transverse process would therefore separate 
the body of the vertebra and the transverse process from that portion of the vertebral arch including the 
superior articular processes, the partes interarticulares, the inferior articular processes, the laminae, and the 
spinous process. Bilateral defects through the pars interarticularis create a separation of the body of the 
vertebra, the roots, the transverse processes, and the superior articular processes from the inferior articular 
processes, the laminae, and the spinous process. 

“Tt is this latter segment, composed of the inferior articular processes, the laminae, and the spinous 
process, Which apparently is proposed for removal in this presentation. For the sake of avoiding a misconcep- 
tion of the site of this lesion which is under consideration for surgical intervention, and also to avoid confusion 
in the literature, the difference between the locations of these two lesions is remarked. It is also discussed and 
illustrated in the paper by T. D. Stewart in The Journal of Bone and Joint Surgery, 35-A: 937-950, Oct. 1953." 

Studies in Muscle Transplantation. Dr. R. Dr. L. J. Larsen and Dr. 
Bost ®@ reported several unusual cases in which new types of muscle transplantations had been done. In most 
instances both the origin and the insertion of the motor muscle was transposed. Seven patients were reported 
in whom the pectoralis major was transplanted to substitute for a paralyzed biceps. The best result obtained 
was in a patient who was able to lift a five-pound weight through a full range of motion and to support eight 
pounds with his elbow flexed at 90 degrees. 

Other transplantations included the latissimus dorsi as a substitute for a paralyzed triceps, the pectoralis 
major as a substitute for paralyzed neck flexors, and the sternocleidomastoid muscle as a substitute for a 
paralyzed masseter. 

A motion picture was shown to illustrate the preoperative condition and postoperative result: in several 
of the patients. The operations are ingenious in conception and will undoubtedly benefit properly seleeted 


patients. 


Diagnosis of Orthopaedic Disease by Aspiration Biopsy. Dr. Cantos OrroLencut™ reported his ex- 


perience with 1,061 aspiration biopsies. The procedure had proved to be a relatively simple one. No special 


apparatus had been necessary, except for the spine, and there had been no interference with subsequent sur- 
gery. No injury to an organ had occurred in the series; there had been no gross hemorrhage, no spread of in 
fection, and no tumor propagation as a result of the biopsy. 

The diagnosis had been established in 895 cases (85 per cent.); it had been doubtful in forty-five cases 
(4 per cent.); and it had been incorrect in 121 (il per cent.). 

\ skilled pathologist, trained in the technique, is necessary. He should know the patient clinically, 
being informed regarding the history, the physical findings, the roentgenographie evidence, and the labora- 
tory data. A smear should be examined from the cytological standpoint, and sections from various parts of the 
lesion should be studied microscopically. When there is any question, cultures should be made. 

A number of cases diagnosed by aspiration biopsy and reconfirmed at operation were reported, including 
primary and metastatic bone tumor, hematogenous osteomyelitis, granuloma, echinococeus cyst, and fibrous 
dysplasia. In a series of 204 cases of tuberculosis of the spine, the diagnosis had been established by aspiration 
in 84 per cent. 

The technique, developed to a very high degree, was clearly demonstrated in an excellent motion-picture 


film 


Hyperplastic Periosteal Osteogenesis in Infancy. Dr. Harry bk. Barnerr ™ and Dr. Soromon P. Drr- 
KOWSKY ® presented a preliminary report of a study of so-called ‘colic’ babies and a large group of normal 
infants. Many, particularly the irritable or ‘‘colic”’ babies, were found to have greater or lesser degrees of 
subperiosteal hyperplastic bone proliferation. The roentgenograms were characterized at first by blurring 
and fuzziness in the subperiosteal region, then by a pencil streak of subperiosteal calcification which became 
thickened and lamellated, and finally by consolidation of these subperiosteal tines and resolution. The meta- 
physes, epiphyseal plates, and epiphyseal ossification centers were not involved. These changes were found in 
the mandible, humerus, femur, and tibia, in particular, and rarely in the scapula, clavicle, and ribs. In the 
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same baby, various stages in the development of these changes were encountered in different bones. In pa 
tients with symptoms, the onset was between ten and twenty-one days of age and the duration was three to 
flour months. Characterstically, there was irritability and excessive hunger, with more or less swelling of the 


lace or tovolved extremities, associated with tenderness and occasionally with pseudoparal ysis. (One baby 


lor two month 


tudies, including routine blood and urine studies, as well as blood cultures, agglutina 


had pares fifteen showed transitory weakness only.) Some babies had a fever for as long as 


two weeks. Laborator 
tion tests, and determinations of ascorbic-acid levels, caleium levels, phosphorus levels, and alkaline-phospha- 
tase levels were all normal. The Kahn test was negative. In six instances, the sedimentation rate was elevated 
Biopsy specimens were obtained in six cases, and control pathological studies were carried out on five stillborn 
infants and five babies who had died under four months of age without signs and symptoms of hyperplastic 


periosteal osteogenesis. These biopsy specimens showed marked osteoblastic activity, proliferation of the 


periosteal connective tissue, and slight round-cell infiltration in the overlving muscles. There was no evidence 


Cf inflammation or hemorrhage. The ten autopsy specimens used as controls showed similar but less marked 


changes. Five brief case reports were given of patients presenting this syndrome. The authors concluded 


that, during the first three to four months of life, a variable degree of subperiosteal bone proliferation occurs 
in the bones of all infants, while definite hyperplastic reactions occur in association with indurated swellings 


ind tenderness of the face and extremities and hyperirritability in a significant percentage of infants. In 


vidition, a small percentage present the marked x-ray changes and clinical symptoms typical of infantile 
cortionl by perosteosis ‘I here is no absolute line of demarcation between the changes seen in normal babies 
ind those seen in babies with mild to moderate symptoms 

De. J. Vernon Leck in discussing this paper stressed that, because of the rapid growth of the metaphysis 


ind the diaphysis postnatally, subperiosteal proliferation is normal at this age. Furthermore, he pointed out 


that periosteum can react only by producing new fibrous bone regardless of the specific etiology. He stated 
that there was no evidence of inflammation in the authors’ slides of biopsy specimens and that the changes 


noted were an exaggeration of the normal growth process which should not be overdiagnosed or overtreated 


The ippearance Wis thought to suggest a periosteal response based upon a systemic reaction to a toxic or 


metabolic alteration such as that caused by a svstemic infection 


De. Preoerick N. SinvermMas , beeause of the large numbers of cases reported by the authors, sug- 


gested in his discussion that either this represented an epidemic of infantile hyperosteosis or else that all 


babies with hyperosteotic lesions do not have infantile cortical hyperosteosis. He pointed out that unrecog- 


nized trauma might be an etiological factor in some of the cases reported. He noted that infantile cortical 


hy perosteosis shows «a familiar tendency and has even been reported as occurring prenatally in two successive 


pregnaneios of one mother, the diagnosis being established by roentgenogram. 


Jancary 28, 1054 


THURSDAY 

Reconstruction Surgery of the Hand in Cerebral Palsy and Spastic Paralysis Resulting from Spinal-Cord 
Trauma, Ded. Leoxarp Gotoner ™ reported that, of a group of 800 patients with cerebral palsy, 300 pa 
tients were found eligible for some type of reconstructive surgery and that, of these, only twelve patients were 
judged suitable for some type of reconstructive hand surgery. An additional five patients with spastic paral- 
vsis resulting from spinal-cord trauma were deemed suitable 

The common deformities encountered were those of flexion of the thumb or of the fingers, so that they 
were held fixed across or against the palm, those of flexion of the wrist, and those of instability of the finger 
joints 

The goal of surgical procedures was to release the finger or wrist from the flexed position and to restore 
the functions olf grasp and pinch Tendon transfers were done when necessary in order to add power to the 
finger extensors or to the finger flexcrs. Occasionally, too much power was obtained by tendon transfers 
That such soft-part surgery is not too satisfactory is suggested by the need for further surgery to undo over- 
corrections 

In some cases fusion of the wrist in ulnar deviation served to place the thumb in abduction to the rest of 
the hand. Wrist fusion, fusion of the metacarpophalangeal joint of the thumb, and interphalangeal arthrod- 
esis were useful procedures 

In cerebral palsy, if a wrist fusion is indicated, the wrist should be fused in a position in which the fingers 
funetion best, either straight or in slight volar flexion. Ina few cases in which some wrist motion was desirable, 
the radius was fused to the proximal! carpal row only 

The conclusion was drawn that in cerebral palsy “‘the majority of deformities about the hand cannot be 


vided by surgery 


rpervences with the Palmer Open Reduction of Os Calcis Fractures. Dr. Jack Maxrie tp and Dr 
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FF. J. MeDermorr 7° presented a group of selected cases of fracture of the calcaneus, treated by open reduc- 
tion, in which the important injury was depression of all or part of the posterior articular surface of the bone. 
This surface should probably be described as not having been comminuted. In only one ease was the articular 
facet broken into more than two pieces. Under such circumstances, a rather uniform elevation was possible, 
and the cavity beneath was filled with cancellous-bone grafts. 

The cases in which there was comminution or other involvement of the caleaneoeuboid joint were not as 
satisiactory or as responsive to surgery because of the severity of the myury 

The statistical survey of the series of nineteen cases followed for an average of 21.7 months showed that 
satisfactory results were achieved in about 95 per cent., a third of these being excellent, a third being very 
good, and the remainder being fair. Dr. Maxfield made it clear that in order that this procedure offer a good 
prognosis, one should carefully select cases and perform operative correction early. The limitations are ob- 
viously established by the ty pe of injury, and the excellent and very good results obtained are limited to the 
group described 


The Treatment of Fractures of the Os Calcis Involving the Subtalar Joint. A Preliminary Report. Dr 
LronarD Barnarp ™ and Dr. Joun K. Opecarp @ proposed a plan of treatment of fractures of the ealen 
neus which depends basically upon placing the foot in equinus (and slight valgus) in a cireular cast with a 
walking heel. The heel is protected by sponge-rubber padding about half an inch in thickness. No effort is 
made for surgical restoration nor is treatment by any other measures carried out. 

The placing of the walking heel is done in order to prevent any weight-bearing or compression stress on 
the subtalar joint. At the same time, with the foot in equinus, there is relaxation of the pull on the caleaneus 
by the heel cord. Karly walking with crutches is permitted; the cast is removed at an early period, 

The procedure which the author recommends in conjunction with this treatment is basically the preser- 
vation of soft-tissue function, particularly that of the peroneal and other tendons in the caleaneal area. 

The results are estimated on a functional basis rather than on any anatomical reduction: the method of 
treatment is applicable to any caleaneal fracture regardless of its severity. The results in a series of twenty 
cases, followed over a three-year period, were presented; there was minimum pain and the patients were 
away from work an average of twelve weeks 

It is obvious that this treatment is quite opposite to the Palmer method as presented by Dr. Jack 
Maxfield. Final judgment as to which of these divergent methods of treatment is the more efficient will 
require a study of a long series of cases treated by operative reduction and by the non-operative reduction 
techniques. 

In discussing the preceeding two papers, Dr. Ropertr L. Parrerson ™ stressed the importance of using 
a Steinmann pin or Kirschner wire through the posterior fragment in order to aid in the proper restoration 
of the subtalar joint and the importance of using bone grafts from some region other than the caleaneus itself 
to fill the space created by the elevation of the depressed fragment. He felt that the results achieved by Dr 
Maxfield were especially gratifying in view of the high proportion of patients belonging in the Workmen's 
Compensation category 

Noting that none of the patients had normal subtalar motion after the operation and that over 30 pet 
cent. of these had no symptoms referable to limitation of motion, Dr. Patterson wondered if later some of 
these ratings would have to be changed because of the development of degenerative arthritic changes. 

In discussing the paper by Dr. Barnard and Dr. Odegard, he reminded the meeting that the conservative 
management of this fracture is not new. He was in full accord with the view that the soft-parts injury is very 
important. In support of this he called attention to the general experience that triple arthrodesis, as either a 
primary or late treatment, is far from being invariably successful. He pleaded for treatment of injuries of the 
subtalar joint by either anatomical replacement or the elimination of motion 


The Recognition and Treatment of Anteversion in Congenital Dislocation of the Hip. Dr. Grornce Cur 
NARD 7! reported his large experience in the management of congenital dislocation of the hip and presented a 
method of treatment developed since 1942. He compared a series of 100 cases (eighteen months to eight years 
of age) with a similar series of 118 cases treated prior to 1942. 

The new routine included the use of a roentgenographie-comparison method of estimating the degree 
of anteversion, the use of skeletal traction followed by reduction, and the use of a special walking peg cast 
Subtrochanteric osteotomies were indicated and were carried out if the angle of anteversion exceeded 45 
degrees in the younger patients and 30 degrees in the older patients (that is, those over two years of age). 

The result was rated good if there was no clinieal impairment and if reduction was maintained. In patients 
involved unilaterally who had been treated by osteotomy, the results were good in 82 per cent.: in those 


treated without osteotomy, the results were good in 77 per cent. In patients involved bilaterally who had 


70 1300 Sth Street, Wichita Falls, Texas 
129039 Summit Street, Oakland 9, California 
722039 Summit Street, Oakland 9, California 
363 Kast Street, New York 28 N. Y. 


1922 N.W. Washington Street, Portland, Oregon 


VOL. 36@-A, NO, 1954 


i, JUNI 


5 
hal est 
7 
ale 


OSS PROCEEDINGS 


the results were good in 44 per cent.; in those treated without osteotomy, the re- 


been treated by osteotomy 


sults were good in 3O.5 per cent 
Of those patients involved unilaterally who were treated by osteotomy, 15 per cent. required open re- 


18 per cent. required open reduction. Comparable 


duction, while of those who were not treated by osteotomy 
figures for the group of patients involved bilaterally were 35 per cent. and 50 per cent. 
When all patients were grouped, it was seen that open reduction was necessary in 17 per cent. before 


Aseptic necrosis occurred in 29 per cent. in the latter group of patients. 


1942 and in 11 per cent. after 1942 
Dr. Chuinard concluded that the surest guarantee of a good result lies in the proper relative evaluation 


of all the dysplastic factors and the sum of all the corrective means used in their proper time. Of these the 


correction of anteversion is one of the most important 
In discussion, Dr. A. R. SHanps, Jr.” stated that he considered the author's statistical evidence relating 
d to manipulative reduction and osteotomy as opposed to no osteotomy to be 


to open re duction as Op pone 
based on too few observations, although he felt the results in the two series did favor derotation osteotomy 


when indicated by excessive anteversion. The arbitrary values for determining when to perform the osteot- 


omy (45 degrees in patients under two years of age and 30 degrees in those over two years of age) he felt to 


but he considered a more accurate method of measuring anteversion should be employed be- 


che ndalble 
cause faults in the technique of measuring may result in variations of as much as 20 degrees in the values for 


excessive anteversion. These may now be avoided through the use of the recently described precision meth- 


He felt that it was a good idea to postpone osteotomy for the correction of excessive 


ods of measuring 
anteversion until the patient has walked in a special cast for six months. During this period of weight-bearing, 


the joint may respond to the stimulus of weight-bearing by becoming more normal in structure and in 


stability; thus improved results accrue 


Brockway ™, Dr. Witttam Craig 77, and Dr. B. R. 


Shortcomings of the Stapling Operation. Dr 
presented an interesting summary of four vears’ experience with epiphyseal stapling. The prob- 


COCKRELI 
lem had been appro hed with caution based on the lack of information available to answer certain questions 


Would stapling effectively retard growth? Would staples left in place for two years improve discrepancies in 


limb lengths sufficiently to make the procedure worth while? 
\ total of fifty epiphyses were stapled in patients from eight months to ten years of age, and the staples 


remained in place on the average from two years and twelve days, the longest being four years. In only one 


patient were the limbs of equal length when the staples were removed. The average follow-up time after 


removal of the staples was 13.2 months 
The net gain in equalizing limb-length diserepaney was disappointing, but it is of interest that with 


staples removed the limbs grew again at an equal rate, except in patients in whom complications occurred. 
There were ten instances of buried staples, varying degrees of extrusion of staples, and six instances of 


epiphyseal arrest 
Seven patients had been stapled for knock-knee deformity; most were definitely improved. The authors 


conceded that epiphyseal stapling poses certain problems, the answers to which can be resolved only by time 


and further experience. 
In discussing the report, Dr. Wavrer P. Blount” and Dr. Cuarves H. Frantz pointed out that the 


complications and failures which had occurred in the use of the stapling arrest were due essentially to errors 
in a technique which is very exacting The errors in technique which produce these complications and how 


they may be avoided must be clearly apprehended. 
SCIENTIFIC EXHIBITS 
lutogenous Epiphyseal Transplant. Dr. Josernu 8. Barr! presented a well planned and executed exhibi- 


tion of a striking case study. The distal ulnar epiphysis had been transplanted to the mid-shaft of a con- 
genitally short radius. There was evidence that the transplant remained viable and that growth of two centi- 


meters had occurred. This growth had actually caused dislocation of the radial head. 


Oblique Films of the Cervival Spine in Flerion and Extension. Dr. Beprorp F. Boy ison * showed a spe- 


cial roentgenographie technique which is of value in demonstrating subluxation and fracture-dislocation of 
the facet joints of the cervical spine; these are not visualized by standard techniques. The roentgenographic 


and confirmatory operative findings in three cases were presented. 
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Research in Plastics. Dr. M. C. Copry * presented a demonstration of Melmac in roller bandages and the 
results of experiments in which various plastics had been injected into the bodies of animals. Some interesting 


work on the toxicity and physical characteristics of plastics was presented. This should be the basis of more 


experimental work 


Committee on Pathology. As in the past, instructive cases were presented in such a way as to test the ob- 


server's diagnostic acumen. 


Central Office of The American Academy of Orthopaedic Surgeons 


Surgical Management of Sacral Chordomata and Allied Tumors. Dr. Mark B. Covenrry *, Dr. C. 8, 
MacCarry®, Dr. J. M. Wavan®, and Dr. Dantin presented a magnificent exhibit showing the 
surgical treatment of an interesting series of patients with sacral tumors. The presentation of material was 
made exceptionally effective by the use of moulages to depict the Kross appearance, of excellent colored 
photomicrographs, and of well planned, concise, descriptive charts. A combined surgical approach for the 


total removal of chordomata was presented together with a demonstration of a method of resection of the 


sacrum after exposure of the tumor. The second sacral nerve was left intact. This demonstrated for the first 


time a method of surgical treatment of these tumors in which the entire tumor could be removed and a cure 
effected. It was also interesting that, as long as the second sacral nerve was left intact, bladder function was 


not disturbed. 


Congenital Dysplasia and Dislocation of the Hip. Die. Wittiam Craic*, Dr. Norquist 

Dr. Crank Lauper and Dr. Joseen Risser demonstrated their views on the management of congenital 
dysplasia and dislocation of the hip. Listed were the diagnostic signs, the usual roentgenographie findings, 
and methods of treatment in abduction. They also showed by roentgenograms the downward excursion of 
the femoral head when the hips were in flexion and the knees in complete extension, In addition, there was 
demonstrated a method of applying traction to both limbs at the same time in a position of marked abduc- 


tion. The cases shown were mostly in younger children. 


Radio-Active lodine Tracer Studies in Leqg-Perthes Disease. Dr. R. W. Dr. Corrigan ©, 
Dr. L. and Dr. A. H. Joisrap presented four cases in which thyroid dysfunction as confirmed 
by radio-active iodine uptake studies was found to be associated with coxa plana. Appropriate thyroid ther- 


apy seemed to hasten recovery in these cases. 


Vechanism of Nerve-Root Compression by the Posterior Elements in Spondylolisthesis and in Spina Bifida 
Occulta of the First Sacral Segment. Dr. Geravp G. Gite “and Dr. L. Wuarre presented an expanded 
showing of their last years’ exhibit. A new approach was demonstrated for the treatment of spondylolisthesis 
by radical decompression and excision of the posterior elements without spine fusion. The majority of the 


patients for whom follow-up data was available had some residual back pain; some had radiation of the pain 
into the extremities. This is a very interesting problem which deserves further work with end-result compari- 


sons of patients treated in this manner with a similar group of patients treated by spine fusion. 


Aorta-lliac Occlusion as a Cause of Back Pain. Dr. A. W. Hompuries '* and Dr. James A, Dickson !" 
exhibited several cases of obscure back pain resulting from aorta-iliac occlusion by means of brief case reports 
and reproductions of aortograms. The syndrome was referred to as intermittent claudication of the hip. 


The exhibit was of great interest, since few orthopaedic surgeons are familiar with this entity. 
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The Uses of the Universal Flange Nail. Dr. kvcene L. Jewerr * and Dr. F. DeWrrr Stanrvorp @. This 
was a sequel to the one produced by Dr. Jewett and Dr. Stanford at the meeting one vear ago. It 


exhibit 
presented in considerable detail the 
tures about the hip, in the reconstruction of the hip after fractures complicated by non-union and aseptic 


iuthors’ experience with the universal flange nail in the fixation of frac- 


necrosis, and in the fixation of femoral supracondylar fractures 


Kehalilitation of Spinal-Cord Injuries. Tut Linerty Murvar Insurance Company (W. Scorr ALLAN) 


presented by means of case studies the principles of treatment and rehabilitation of patients who have sus- 


tained spinal-cord injuries 


Complications and Errors in Technique of Medullary Nailing of All Long Bones. Dr. J. Orvo Lorres 
ind De. J. Acperr Key @. This was an informative and well presented exhibit showing the technical errors 


ind complications encountered by Dr. Lottes and Dr 


Key in the treatment of fractures of the femur and 


tibia by medullary nailing 


Hip-Joint Prosthesis, Dr. kant D. MeBripe * demonstrated a new approach to the insertion of hip 
i separate screw sleeve is inserted into the stump of the neck and just through the lateral cortex 


pore stheses 
of the femur. It seems that this sleeve can be solidly implanted. After it is in place, a prosthetic head is inserted 
In this way motion is allowed between the 


in such «a manner that the stem of the head fits into the sleeve 
sleeve and the stem: this Dr. MeBride feels will resist shock and will relieve stress and strain on the stem of 


\ number of ingenious devices for the placement of these prostheses were displayed, and a 


the pros 
present for demonstration, eight months after the operation. The patient had very little disecom- 
MeBride also demonstrated a modified incision which 


poate nt was 
fort and walked well with a glutaeus medius limp. Dr 


he 


called an anterolateral incision 


Veuropathic Foot. Dr. S. Mitcer® and Dr. Licurman * exhibited the various 
conditions which are the cause of neuropathic changes in the foot by means of photographs and x-rays 
Among the conditions listed were diabetes, tabes, 


demonstrating the pathol al ch encountere d 
The authors felt that the neuropathie foot resulted from analgesia 


tleoholism, myelodysplasia, and leprosy 


of the joint and activity 


and Dr 


NSeiatic-Nerve and Femoral-Nerve Block in Orthopaedic Surgery. Dr. Danien C. Moore 
Jawes W. Minter ®. This was a well illustrated exhibit of the site and technique of injection with the use 
Methods and materials in use were demonstrated, and the results 


of local block anaesthesia in the extremities 


in SOD cases were given 


the Upper and Lower Extremities. Dr H. F. Mosevey * and Heten T. Mac- 


Su qeeal posures lo 
beautifully clear anatomical drawings of surgical expesures in the 


Anruur © displayed a large number of 
upper and lower extremities. The standard approaches to the various joints were shown, Booklets with repro 


ductions of these drawings were distributed 


Practical Method of Bone Measurement Dr. Harry W and Dr. L. WEYGAND1 
demonstrated a method of measuring bone length by direct x-ray in which a marked grid is used. When the 
fixed distance between the two and the plate has been determined, the bone length can be measured clearly 


on the x-ray plate, as the araount of distortion is felt to be equal at both the grid level and the bone level 


aclhures Occurring during Klectro-Convulsive Therapy. Dr. Roserr B. Portis and 


Thorac Spine / 
f spine fractures resulting from 


De. Joun Po Virnoon pres¢ nted an inte resting study of the oecurrence o 
clectric-shock therapy. It was shown that 18 per cent. of the patients receiving electric-shock therapy without 


the administration of drugs received compression fractures, while only 12.5 per cent. of the patients who were 
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given syneurvine in conjunction with eleetrie-shock therapy suffered compression fractures. They also demon- 
strated methods of restraining patients in order to avoid fracture, but these had not been effective. They 
did feel that the use of curare-like drugs reduces the incidence of fractures Patients in whom fractures oc- 
curred as a result of electric-shock treatment were not given any special therapy in regard to the fracture 
The authors felt, however, that there were no sequelae as a result of this lack of treatment. 


Primary Tumors of the Soft Tissues of the Extremities. Dr. Kk. H. Souie ®, Dr. M. B. Dockery ™, 
Dr. R. K. Guormiey , and MempBers or THe Starr * summarized in a truly magnificent exhibit the vast 


experience of the Mayo Clinic with primary tumors of the soft tissues of the extremities. Moulages were used 


to demonstrate the gross appearance of the tumor and colored transparencies were shown to reveal the his- 
tologieal characteristics of the tumors. Fibromatous tumors comprised 12 per cent. of soft-tissue tumors, and 
67 per cent. of these were malignant. Lipomatous tumors comprised 35 per cent. of soft-tissue tumors and 
32 per cent. ol these were malignant. Angiomatous tumors made up 14 per cent., and 5 per cent. ol these 
were malignant Neuromatous tumors comprised 19 per cent. of the tumors, and 4 per cent. of these were 
malignant. Myomatous tumors made up 30 per cent. of soft-tissue tumors and 38 per cent. of these were 
malignant. Of the miscellaneous tumors, a group representing 20 per cent. ol the total, 16 per cent. were 
malignant. Listed under the heading of miscellaneous tumors were tumors ot s) novial origin which comprised 
16 per cent. of this class; 48 per cent. were listed as fibro-xanthomata and 6 per cent. were unclassified, This 
excellent study re-emphasized the importance of an accurate diagnosis before surgical removal is planned. 


This exhibit merited long and careful study. 


The Knee Disarticulation. Co. Aveust W. Sprrrier *, Con, Joserun W. Bator and Cart James G 
MceFappin “ showed illustrations of the surgical technique recommended for the knee-disarticulation ampu- 
tation and roentgenograms ol the stumps. The fabrication of the prosthesis and the prosthesis itself fitted 


to a model were illustrated 


The Evolution and Present Conce Vodern Shoe Design Krample of Shoes of Various Periods; Dynami 
Demands of a Shoe; A New Concept. Dr. H.C. and Dr. I. Fixe. In this large and well presented 
exhibit. the evolution of footwear from the distant past to the present was illustrated, as well as the exhibitors’ 


concept ol the dvnamies of the foot and of proper shoe design. 


Aerylic Re placement Prostheses for Joints of the Upper and Lower E.rtremities. Dr. DANA Vi. STREB' 
Various types of prostheses were demonstrated. This exhibit was well presented and was carefully thought 


out 


Growth in Transplanted Bone. Dr. F. Thompson © and Dr. Epwarp Scuarrer presented 
experimental and clinical data, with roentgenograms, to show that growth will occur in transplanted auto- 
genous epiphyseal plates but not in homogenous transplants. In the illustrations of the clinical experiments, 
it was difficult to evaluate the amount of growth in some instances, since adequate bone markers had not 


been used. 


Rehabilitation in Poliomyelitis. Dr. Warr Bh. Vax River 7, As in the past, this exhibit offered much 


valuable information concerning poliomyelitis 


Experimental Production of Piqmented Villonodular Synovitis. Dr J. M. Youne ® and Dr. ANpREw 
G. Hepacek ©. This was an interesting study concisely and simply presented. By repeated intra-articular 
injections of blood over prolonged periods of time, synovial changes which grossly and microscopically re- 


sembled villon: dular synovitis had been produced. 
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AUDIO-VISUAL PROGRAM 


SATURDAY, JANUARY 23, 1954 


Surgical Approaches to the Ankle. Veterans Administration Medical Department, under the direction 
of Dr. LeRoy Abbott, San Francisco, California 

Surgical Rehabilitation of the Hand. Dr. C. i. Irwin, Warm Springs, Georgia. 

Prosthesis for Restoration of Contact Surface of the Patella. Dr. Duncan C. MeKeever, Houston, Texas. 

Patellectomy. Dr. Paul Beverly Hills, California 

1 New Procedure for Repair of the Collateral Ligaments of the Knee. Dr. J. R. Black, Los Angeles, Cali- 
horns 

The Dislocating Elbow. Dr. A. J. Leandi, Springfield, Massachusetts 

Regional Block. Dr. Daniel C. Moore and Dr. James W. Miller, Seattle, Washington 


Sunpay, JANUARY 24, 1954 


Supplementary Fixation in Medullary Nailing of the Femur. Veterans Administration Medical Depart- 
ment, under the direction of Dr. Dana M. Street, Memphis, Tennessee. 
Resection of the Upper Half of the Femur with Vitallium Prosthetic Replacement. Veterans Administration 
Medical Department, under the direction of Dr. Andrew Schildhaus, Brooklyn, New York. 
Lumbosacral Spinal Fusion with Metallic Plate Fization. Dr. Philip D. Wilson and Dr. Lee Ramsay 
Straub, New York, N. 


Turspay, JANUARY 26, 1954 


Posterior Approach of the Hip Joint and Insertion of a Naden Rieth Prosthesis. Veterans Administration 
Medical Department, under the direction of Dr. Virgil R. May, Richmond, Virginia 

Tere Vajor and Latissimus Dor v1 Transfer Dr Carmelo C Vitale, Brooklyn, New York. 

leulsion af the Insertion of the Biceps Brachii Te ndon A Vethod of Surgical Repatr. Dr I Ss MeReyvnolds 


ind Dr. B. D. Burdeaux, Jr., Houston, Texas 
WepDNESDAY, JANUARY 27, 1954 


Fractures of the Humerus. Veterans Administration Medical Department, under the direction of Dt 


William A. Larmon, Chicago, Illinois 
Hemipelvectomy. Dr. Herbert C. Fett, Brooklyn, New York. 
GADGETS EXHIBIT 
‘ Thigh-Piece Extension for Lower Leg Cast. Dr. Louis W. Breck, Dr. W. Compere Basom, and Dr. Morton 
Leonard Paso Texas 
tntirotation Brace. Dr. John W. Chenault, Tuskegee Institute, Alabama. 
I ntramedullary-Bar Cap. Dr. Martin Dobelle, Pittsfield, Massachusetts. 
E-rtension Traction Using Perforated Foam-Rubber Strips. Dr. Maurice Gershman, Far Rockaway, New 
York 
Knee Meniscus Knife. Dr. M. Beckett Howorth, Stamford, Connecticut. 
Hogan Self-Adherent Sponge Rubber Traction Strips and Adjustable Plastic Spreader Dr. Robert Mazet 
Jr., Los Angeles, California 
Plate-Bending Pliers. Dr. Dunean C. MeKeever, Houston, Texas. 
The Perforated Cruciate Intramedullary Nail. Dr. Michael T. Modny, Glen Ridge, New Jersey. 
Universal Traction Device for Home Use. Dr. Howard B. Shorbe, Oklahoma City, Oklahoma 
Cut-off for Applied Steel or Vitallium. Dr. Fred Stuttle, Peoria, Illinois. 
Channel Strip for Easy Opening of Plaster Casts. Dr. Edmond Uhry, Jr., New York, N. ¥ 
The Traction Brace: A New Traction Method in the Conservative Treatment of Intervertebral-Dise Lesions. 
Dr. Luben 8. Walchef, Cincinnati, Ohio 
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News Notes 


The American Academy of Orthopaedic Surgeons wil! hold its Twenty-second Annual Meeting at 
the Hotel Statler, Los Angeles, California, January 29 to February 3, 1955 


\ year’s fellowship, dates to be arranged, is available in the laboratory of bone and joint pathology of 
the Ochsner Foundation Hospital. For information write to Mary 8. Sherman, M.D., Ochsner Clinic, 3503 


Prytania Street, New Orleans 15, Louisiana 


Surgeons are cordially invited to attend the Sixth Congress of the Pan-Pacific Surgical Association 
to be held in Honolulu, October 7-8, 1954. Further information may be obtained from F. J. Pinkerton, M.D., 
Director General, Pan-Pacifie Surgical Association, Young Building, Honolulu, Hawaii 


The 1954 Annual Convention of the Association of Military Surgeons will be held at the Hotel Stat- 
ler, Washington, D. C., from November 28 to December 1, 1954. The Executive Secretary is Stuart be. 
Womeldorph, Armed Forces Institute of Pathology, Washington 25, D.C 


The Mid-Central States Orthopaedic Society held its First General Meeting at the University of 
Kansas Continuation Center and the Student Union Building at the University of Kansas Medical Center, 


Kansas City, Kansas, April 9 and 10, 1954. 
The Society is composed of orthopaedic surgeons from Kansas, Missouri, Nebraska, Oklahoma, Col- 


orado, and Arkansas. Present membership is 125 surgeons, seventy-seven of whom attended the meeting 
The First General Meeting was entirely clinical in nature and was presented by members of the Society 


living in the Greater Kansas City area 

During the morning and afternoon of April 9 and the morning of April 10 cases were presented by D1 
Charles Vilmer. Dr. Robert M. Drisko, Dr. Paul W. Meyer, Dr. Riehard H. Kiene, Dr. Otis James, Dr 
Nicholas Pickard, Dr. Rex L. Diveley, Dr. Robert Fitzgerald, Dr. Herbert Hamel, Dr. Garret Pipkin, and 
Dr. Ravmond A. MeCanse, all of Kansas City, Missouri, and by Dr. Ivan W. Cain, Dr. James B. Weaver, 
Dr. C. L. Francisco, Dr. L. D. Litton, and Dr, W. D. Francisco, of Kansas City, Kansas 


The following men were elected to office at this meeting: 

President: Dr. Vilray Blair, St. Louis, Missouri; 
Vice-President: Dr. lias Margo, Oklahoma City, Oklahoma 
Secretary-Treasurer: Dr. H. O. Anderson, Wichita, Kansas. 


LETTER TO THE EDITOR 


RepIsTRIBUTION OF BONE 


To the Editor 
The conclusions reached by Géran C. H. Bauer in his two articles on The Importance of Bone Growth 


as a Factor in the Redistribution of Bone Salt, published in the April issue of The Journal of Bone and Joint 


Surgery '2, do not follow from the experimental evidence presented. 
The author recognizes the inescapable fact that the skeleton is a heterogeneous system and that bone 


formation, resorption, growth, and metabolism vary from one part of the skeleton to another. Not only does 
trabecular bone differ from cortical bone in this regard, but metaphyseal bone itself has different patterns of 
growth and metabolism in each separate site of endochondral ossification. A second inescapable fact, which the 


author fails to note, is that the circulation, and hence the surface area exposed to tissue fluids, is different in the 
various areas of the skeleton, and diffusion of tissue fluids through the calcified matrix of bone is slow, if it oe- 
curs at all. Any equilibrium reached between ions in the blood and the inorganic component of the skeleton 
depends not only, as stated by the author, on the level of the ion in the blood stream, but also, among other 


factors, on (1) the chemical state of the ion (that is, bound with protein or in colloidial combination with 
carbonate, phosphate, or citrate), (2) the rate of flow of the blood, (3) the pH of the blood stream, (4) the 


! Baver, G. C. H.: The Importance of Bone Growth as a Factor in the Redistribution of Bone Salt. 1. 
Redistribution of Radio-Active Calcium in the Skeleton of Rats. J. Bone and Joint Surg., 36-A: 375-380, 
Apr. 1954. 

2 Baver. G. C. H.: The Importance of Bone Growth as a Factor in the Redistribution of Kone Salt. IT. 
Redistribution of Radio- Active Piensheves in the Skeleton of Rats. J. Bone and Joint Surg., 36-A: 581-386, 
Apr. 1054. 
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surface area exposed to the circulating fluids, and (5) the state of “‘saturation”’ of the organic matrix (that 
is, the rate of deposition of new bone). It is difficult to control these factors in an experiment and, indeed, to 


draw sound conclusions when all are involved and interacting. (Witness the state of confusion concerning 


the role of the kidney in calcium excretion.) 
One of the conclusions reached by the author is that “Parts of the skeleton which differ in rate of 


growth ean never reach equilibrium with respect to the distribution of radio-active phosphorus or 


radio-active caleium after administration of these isotopes.”’ The basic problem of “equilibrium” is a seman- 
tie one. The word is used by Bauer to imply a static situation, or a ‘‘steady state”. In a growing system this 
concept is untenable since growth implies change. The word “equilibrium” can also be used in the sense of a 


steady rate’. In this sense, time becomes a factor in the equation, and the situation ean be expressed mathe 


for the skeleton as a whole, as follows 


As) Amt (Ae+As)t 
()s } 
(Ae -+As— Am) 
Where Qs is the amount of a particular element present in the skeleton at time (4), Q@ the amount injected, 


\e the rate cf fecal and urinary excretion, As the rate of skeletal uptake, and Am the rate of mobilization from 


the skeleton. Equilibrium constants can be developed as above for the skeleton as a whole or for specific 


portions of the skeleton, provided the time constants are specified 
Another conclusion reached by the author is that “redistribution of bone salt in different parts of the 


skeleton varies with the rate of growth of these parts’. The author reaches this conelusion because the ratio 


wtivity of diaphyseal bone to that of epiphyseal bone following administration of a single 


of the 
dose of radio-active calcium (Ca™) or radio-active phosphorus (P®) did not remain constant in growing rats 


over a sixty-day period but increased from a figure below unity to one above unity. The experimental findings 


do not justify the conclusion reached. From the standpoint of logic, a changing ratio may indicate a change 


in either the denominator, the numerator, or both. In the case of the author's experiment, the ratio could be 


iffeeted by (1) selective mobilization of the isotope deposited from one area and not from another (for ex- 


ample, trabecular versus cortical bone) and the subsequent excretion of the isotope by way of the kidney or 


bowel this is not “redistribution” in the commonly accepted meaning of the term: (2) by the physical dis- 
placement with growth of the metaphyseal bone into the diaphyseal region this also does not constitute 
dilution of the isotope with the deposition of new matrix in the area (thus affecting 


redistribution (3) by 


the activity per unit ish weight of bone) this also does not constitute “redistribution ’ 


My colleagues and | have discussed the problem of “redistribution” at length. It is a difficult concept 


to prove by experimental means. We feel that the best method would probably be by means of serial radio- 


wutographs (following injection of a radio-aective isotope, such as Ca®) during the process of growth. Dr. 


Aub, of Boston, has approached the problem by means of alizarin and has shown that, immediately after 
administration, the alizarin is deposited in the trabecular but not in the cortical bone. At a later date, no 
traces of alizarin could be found in the trabeculae, but a line appeared in the cortex. We feel that sounder 
conclusions can be drawn from this experiment than from Bauer's experiment based on changing ratios. 
Another criticism of Bauer's work is based on the technique of pooling the bone samples to determine 

their specific activity. [It is our opinion, based on a series of similar experiments, that, if the author had 
made individual counts on the separate bone fragments, the variations between determinations would have 
been greater in some eases than the differences between groups. The statistical error of the counting technique 
ix undoubtedly less than differences in metabolism between individual animals. The author offers no proof 
and it is not clear how this could be done. 

Roserr D. Ray, M.D. 

Head, Division of Orthopaedic Surgery 

University of Washington 

School of Medicine 


of statistical differences between the groups 


May 3, 1054 Seattle 5, Washington. 


CORRECTION 
An error appeared in the article on “Acrylic Prosthesis Replacing Lower lend of the Femur for Benign 
CGiant-Cell Tumor’ by Dr. George L. Kraft and Dr. Daniel H. Levinthal as published in the April issue of 


The Journal 

On page 368 the legend under Fig. t-A and Fig. 1-B should have read “Anteroposterior and lateral roent- 
yenograms of the right femur, showing a benign giant-cell tumor which extends down to the cortical bone of 
the articulation. A pathological fracture is evident ” The fast line on the page should have been omitted 


It is suggested that this correction be made by the reader in his April issue 
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ATLAS of 
ORTHOPEDIC TRACTION PROCEDURES 


By CARLO SCUDERIT, MLD... Ph.D. 


Clinical Associate Professor of Surgery, University of Mllinois: 
Professor of Surgery, Cook County Graduate School; Attending Sur- 
geon, Cook County Hospital; Chairman of Department of Orthopedic 
Surgery. St. Elizabeth's Hospital and Columbus Hospital. 


229 pages, 124 illustrations. Price, $12.50 
(Published 1951) 


Gathered in this volume are the important features essential for suc- 
cessful use of orthopedic traction procedures. The illustrations are 
admirable and clear. They concisely demonstrate the necessary fea- 
tures. Opposite the illustrations are given clear descriptions of the 
devices and the principles involved. The source of the development of 
the particular type of traction and the references in the literature are 


amply recorded, 


The purpose of this book is to fill a definite gap in orthopedic litera- 
ture by photographs, line drawings and simple descriptive language. 
With the present training program in both the general surgical and 
orthopedic surgical specialties, the teaching of traction procedure for 


each specific indication at times becomes a Herculean task for the 
teacher. This type of book should facilitate the teaching of students, 
interns, and residents in the fracture and straight orthopedic services. 
It should also be of great help to the nursing profession and physical 


therapists who work with these patients. 


The C. ¥. MOSBY COMPANY Date 
Order 3207 Washington Boulevard, St. Louis |, Missouri 
’ Gentlemen: Send me Seuderi “ATLAS OF ORTHOPEDIC 
Form TRACTION PROCEDURES,” priced at $12.50. 


Attached is my check Charge my account 
Name Street 


City Zone State 
JB & Js-51 
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LIPPINCOTT 
BOOKS 


to 


Help You 


in 
Daily 


Practice 


DISEASES OF THE KNEE — New 
by ANTHONY F. DePALMA, M.D. 


Here is a new book which discusses the anatomy, the 
mechanics and the diseases of the knee joint in a scholarly, 
masterful presentation. One of the greatest contributions of 
this book is the study of the progressive degenerative 
changes in the knee joint. From a clinical study of a large 
number of knee joints, with careful postmortem dissection 
and histologic examination as well, the author shows that 
many so-called lesions are attritional changes that appear 
with aging. Considerable stress has been laid on the more 
common pathologic conditions of the knee joint; pertinent 
clinical manifestations which lead to correct diagnosis are 
described in detail. A book of eminent value for you, the 
orthopaedic expert, general practitioner and general surgeon. 


840 Pages 455 Illustrations $20.00 


SURGERY OF THE SHOULDER 
by ANTHONY F. DePALMA, M.D. 


“In this source book of only 438 pages is much that is es- 
sential of our present knowledge of the anatomy, physi- 
ology and pathology of the shoulder. . . . The pages are 
profusely and handsomely illustrated by photographs, 
half-tones, and line drawings; the roentgenograms and pho- 
tomicrographs are exceptionally clear. 

“Dr. DePalma has compiled a reference book. But it is 
more than that, for his book contains much that is, in fact, 
an original contribution.’’ — JOURNAL OF BONE AND JOINT 
SURGERY 


J. B. LIPPINCOTT COMPANY Fee! 


Please send me: Diseases of the Knee 


Surgery of the Shoulder 


Nome Cash Enclosed 


Address Charge My Account 
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THORNTON PLATES 


for 


FLANGED NAILS 


Treatment of Fractures of the Femur and Trochanter 


| 
Solid 
Wail 


Grooved Cannulatec 
Wail Wail 


Price Filler Machine & Mfg. Co. 


508 Rorer Avenue, S. W. 
ROANOKE. VIRGINIA 


BOWEN INSTRUMENTS — 


SAFER and QUICKER MENISECTOMIES 


PROVED IN PRACTICE 


Grover 
Meniscotome 


Used through any arthrotomy expo- 
sure and on either semilunar cartilage, 
it guarantees the integrity of all struc - 
tures within the joint and permits com- 


plete removal of either meniscus 


Standard 
Designed like a large intra-uterine 


Length 


curette, it presents a smooth rounded 
guard on the ovter surface of the ring, 
the inner margin of which is a keen 
° knife edge permitting cutting in any 
direction. Its use will shorten by about 


one-third the present operating time 


@ Hand Forged from 440-C Stainless Steel 


BOWEN & COMPANY, INC. 


In answering advertisements 


Smillie Cartilage Sets in 


Designed with handles that do not ob- 

scure field of vision. Longer beak always 

rests on tibial table. Beaked knife aivides 

the peripheral attachments of the medic! 
meniscus. Also divides the central attach 

ment of the posterior horn of the loterc! 
meniscus. Second beaked knife used for 

the same purpose, also to divide the cen- 

tral attach t of the posterior horn of the a 
medial meniscus. Chisel mobilizes middle 

‘ No. 108 

third of the meniscus. 


(Curved Shank) 


ILLUSTRATIONS SHOW POSITIONS OF KNIVES IN USE 


Ht No. 126 
(Straight Shank) 


please mention The 


@ Perfect Balance 


- BOX 5818 
MARYLAND 


@ Keen Cutting Edge 
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The Support Given by an Elastic Bandage Depends Upon Its Elas- 
ticity and the Type of Weave. In Addition to Maximum Elas- 
ticity and a Fine Weave, There is Smoothness, Softness, 
and the Stamina to Withstand Repeated Use in 


The Briggs Bandage 


A Washable, Fine-weave, Highest Quality, Five-yard Bandage 


DIRECT FROM THE MANUFACTURER TO YOU 
Parcel Post Prepaid Anywhere in the U. S. 


SPECIAL CARTON YOUR PRICE RETAIL GIANT CAITON YOUR PRICE 
12—2 in 8.40 (0.70 per bandage) (1.20) 144—2 in 92.15 (0.64) 
10—2l4 8.00 (0.80 ) (1.35) 87.40 (0.76) 
8-3 " 7.20 (0.99 ) (1.59) 95-3 84.45 (0.88) 

6.60 (1.10 ) (1.89) 72—4 77.09 (1.07) 


ASSORTMENT 6—3in2—2 in 
3—4 " 1—214"" 18.15 YOUR PRICE 10.99 


10 per cent discount on orders of 5 or more cartons 


ORDER FROM 


Tae Briggs Company 


82 WATERMAN STREET PROVIDENCE 6, RHODE ISLAND 


IN THE HOME EFFECTIVE — 


MOIST HEAT 
EASILY APPLIED 


_ HYDROCOLLATOR 


IN THE HOSPITAL 


Hydrocollator Master Unit 
maintains ready supply 


Heat in any vessel 


eine - Everyone agrees moist heat is most effec- 


y : tive in reducing spasm and pain. Now 

_ NO WRINGING it can be easily and efficiently applied! 
NO DRIPPING Hydrocollator Steam Packs require no 
erie wringing, won't drip, are easy to pre- 

pare and handle. In use in leading hos 


pitals and treatment centers. 


ACCEPTED BY THE COUNCIL 
ON PHYSICAL MEDICINE 
AND REHABILITATION (AMA) 
WRITE FOR DESCRIPTIVE FOLDER 
CHATTANOOGA PHARMACAL 


COMPANY, INC. 
CHATTANOOGA 5, TENNESSEE 
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MOIST HEAT i 
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Orthopedic surgeons are enthusiastic about 
this versatile splint. It affords decided ad- 
vancements for treating club feet, positional 
deformities, tibial torsions, flat feet, con- 
genital hip dislocations. Use of the Fillauer 
Splint minimizes the ne- 
cessity of manipulations, 
plaster, tenotomies and 
anesthetics. Satisfactory 
results are confined to 
children under 3 to 4 
years of age. 


Write for descriptive folder, 


FILLAUER SURGICAL SUPPLIES, 


1678, CHATTANOOGA, TENNESSEE 


Box 
Manufacturers of Orthopedic Appliances 


Where traction is indicated use... 


Advance Improvements 


@ Stainless bronze serrated discs 
permit 50 different rigid settings. 
Fits any shoe—double-post swivel 
clamp and single lateral clamp adjust 
easily to any shoe up to 4-yr. old 
sizes. Special flange for club foot or 
wedged shoes. 


INC. 


ESTABLISHED 1914 


tractolator 


MOTORIZED INTERMITTENT TRACTION 


smooth traction force... 


% 


TRACTOLATOR COMPANY, INC. 


46 


*Reg. U.S. Patent #2633124—2633125 


Now the physician can administer a carefully graduated, 
precisely, automatically . . . 
mittently, with maximum comfort to the patient... 
traction force than ever before—up 
to 50 
Ibs. pelvic! 


As illustrated, TRACTOLATOR is made 
in both chair and bed models, 
latter for bed patients and hospital 
cases. Bed traction is used for pelvic 
traction and can be adapted for 
cervical traction by using a single 
pulley and cable with head halter 
attachments. 


Distributed Exclusively by 
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of greater 


to 100 


Ibs. cervical, up 


the 


LOUIS YELLIN, INC. 
Philadelphia, Pa. 


Manufactured by 


242 S. 17th St. Phila. 3, Pa. 
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REHABILITATION : Progressive Resistance Ex- 
ercise Units; Quadriceps-Gastrocnemius-Foot- 
drop Boots; Pulley Weights; Doorway Pulley 
Assemblies; various types of Bicycle Exercisers; 
Restorator; Kanavel Table; Manuflex and Grip 
Restorer for hand therapy; Ankle Exercisers; Shoul- 
der Wheels with or without height adjustment; 
Stall Bars; Walking Parallel Bars and Exercise 
Staircases various Invalid Walkers; 
Posture Training Mirrors, single and triple; 
Sayre’s Headslings and scales to measure amount 
of traction; Flexerciser a versatile unit for active 
exercise; Gymnasium Mats in various sizes, thick- 
nesses and coverings; Crutches and Canes; Patient 
Litter; Standing Tables and Beds; Selthelp De- 
vices; Cerebral Palsy Furniture; Speech Therapy 
Equipment. 


ot designs; 


APPARATUS: 


Oscillometers; 


Chronaximeters; 
Ther- 


DIAGNOSTIC 
Dynamometers; 
mocouples and Skin Thermometers. 


C,omometers; 


ALL your needs supplied 
by ONE reliable source 


\ | 


FOR PHYSICAL MEDICINE 
AND REHABILITATION 


HY DROTHERAPY-ELECTROTHERAPY: 
Whirlpools for every use; Whirlpool Carriage; 
Hubbard Tanks; Paratiin Baths; Hydrocollator 
Master Units and Steam Packs; Shortwave Dia- 
thermy; Galvanic-faradic-sinusoidal (;enerators; 
Hanovia Ultraviolet Lamps; Heat Lamps and 
Bakers; Ultrasonic Generators; Treatment Ta- 
bles; Timers. 


Hew of Interest —— 


Shoulder Wheel with Height Adjustment can be 
raised and lowered by ich as 20°. Adjustable 
handle to vary arc of motion. Controlled resistance 

$56.60 


“Little Tots’ Wheelchair An economically 
priced folding chair for small children up to 7 years 
Has tubular crossbraces: baked aluminum enamel 


finish. $67.50 


WRITE FOR YOUR FREE COPY OF ILLUSTRATED 
CATALOG NO. 1054 — INQUIRIES INVITED 


J. A. PRESTON CORP. 


175 FIFTH AVENUE, NEW YORK 


10, N. Y. 


YOU CAN PRESCRIBE 


BACK SUPPORTS 


WITH CONFIDENCE 


FOR MEN 


By working closely with the medical profession for 
over 60 years, Freeman has developed a complete 
line of surgical supports. From this line you can se- 
lect and prescribe with complete confidence in the 
suitability of each garment for its purpose, in the 
quality of its construction and in the comfort it will 
give the wearer. 

Freeman corset-type back supports are made in 
models which provide supportive and conservative 
measures in any required degree to almost complete 
immobilization. The great advantage of this type of 
garment is that it can be worn comfortably while sitting, 
standing or lying. In addition to correct design and 
fine construction, Freeman supports embody many 
improvements, to increase comfort and convenience 


In answering advertisements, please ment 


for the wearer. For example, linings and stay covers 
are cushioned for comfort. All side-laced back sup- 
ports have Freeman's exclusive self-smoothing, non- 
wrinkle fly. 

Mail coupon for details of Freeman quality fea- 
ture and free pocket-size reference catalog. 


FREEMAN MANUFACTURING COMPANY 
DEPT. 706, STURGIS, MICHIGAN 


Please send details on new Freeman features and in- 
clude free reference catalog. 


Name 
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FOR WOMEN 
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State 


Driving the Fine, Small Burs for 


CERVICAL DISCS 
Or the Larger Saws and Drills for 


HEAVY BONE SURGERY — 


You Have a Choice of Speeds 
With Full Power at All Speeds 


WHEN YOU USE 
THE MUELLER ELECTRIC 
BONE SURGERY ENGINE 


From cervical discs and other delicate aural, 
nasal and plastic procedures, to cranial surgery 
or the heaviest bone work, the Mueller Bone 
Surgery Engine operates cutting instruments with 
facile efficiency and absolute minimum effort on mum versatility. Each permits instant start and 
the part of the operator. There is no heavy, bulky stop control. The quiet, heavy-duty universal 
device to hold or control. The dental hand piece motor cannot be overloaded in normal use. 
on its special light cable (illustrated) is inter- No other modern unit so dependably lightens 
changeable with the Mueller Pistol Grip Hand the actual labor of bone surgery. Reasonably 
Piece on its own flexible armored cable for maxi- priced, too. 
WRITE — TODAY — FOR COMPLETE ILLUSTRATED BOOKLET 


OL Mueller & G& 330 South Honore Street 
Chicago 12, Illinois 


Instrument Makers to the Profession Since 1895 


SURGEONS RECOMMEND 


Boston Preparatory Limbs 


For conditioning of stumps, and morale building, by 
permitting amputee to become ambulatory at earli- 
est possible date. 


Hospital Service 


SUCTION 
SOCKET 
LIMBS 


LATEST Permanent 
DevELor- Limbs 
MOISTAIRE 
LASTIC English 
The Original Heat Therapy Unit LAMINATE Willow 
UNEXCELLED Anms (in and 
for the delivery of moist heat at accordance Alcoa 
‘he exact prescribed temperature. with Aluminum 
COMFORT © SAFETY © DURABILITY National 


Research 
beet MOISTAIRE accepted and approved since 7 
— 1944 by the Council on Physical Medicine Council 
UL and Rehabilitation (AMA) and Underwriters’ procedure ) 


For Illustrated information write, wire or call: BOSTON 


ARTIFICIAL LIMB CO., Ine. 


Ghe R | “Certified Prosthetists™ 
Oldest and largest Limb Mfg. Co. in New England 
515 SOUTH AIKEN AVE., PITTSBURGH 32, PA. 69 Canal Street = Tel.: La. 3-6548 Boston, Mass. 


IN 
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Recommend and USE 
| Newly designed The NEW SCHMERL 
“Walking Traction” FRAME* 


ORTHOPAEDIC CHAIR 


for the young child with 
congenital hip dislocation pea 
THESE 


or dysplasia. Advantages! 


Designed so child can be comfortably seated 
in abducted position while r 
reatments are 
eating... not confining ves 
permit ordinary 
activities during 
traction 
@ Well-timed traction may be carried out by 
patient at home during work and play 
@ The head has considerable freedom of movement 
during traction 
Light in weight... durable plastic construction 
@ Easy to put on and take off... simple to adjust 
Literature On Request 


AE FURNITURE Co. Manufacturers o 
ORTHOPAEDK FU ITL ) U. L. RICH CO. 
8985 Cast Serene St. Paul 8, Minnesota 2933 WEBSTER STREET © OAKLAND 9, CALIFORNIA 


"U.S. PAT. NO. 2,649,856 


playing... 
or riding in a car 
To be used while child is wearing Frejka 


abduction pillow splint or plaster cast, and 
after splint or cast is no longer needed, 


For literature and prices write to 


get them to walk 


The “WALK-AIDER” revolutionizes Drop. 
foot correction theraph. Adjusts easily, quickly 
to all pejshtyweights and sizes by a single 
turg of the patéfited “Positive Control Lock.” 
The NEW A-600 MM securely over shoe walls 


and slip’ into ‘the shoe as easily and com- 
fortablysds the patient's foot . . . 
no unsightly and bulges . . 
NO MORE special Brings. 
a creative orthopedics achievement 


COSMEYD manufacturing co. 


WALK-AIDER — A.600 216 Paterson St. Paterson, N. J. 
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Available 
NOW 


. the Improved 
RE 


ABDUCTION PILLOW SPLINTS 


For congenital dislocation of the hip in the newborn 
and in early postnatal life, (As described by Dr. V. L. 
Hart, J. Bone and Joint Surg., Vol. S1-A, pp. 
$57 372, April 1949, and J.A.M.A., August 12, 1950, 
Vol. 143, pp. 1299-1303. See also Orthopaedic 
Appliances Atlas, Vol. | 1952. 


Three Sizes: up to 3 months; Meviuom 

Sanaa Lance over 6 months M & M COMFORT SLINGS 

One Pillow (Crees eteeeees $7.75 Place weight of arm on shoulder instead 

Sue Sisters} of neck. No pins. No uncomfortable knots. 

One Pillow $12.50 No slipping. Both the S-101 open end 
and the S-103 closed end type are quickly 

pa Orders and easily adjusted to either right or left 
arm. Recommended for fractures, disloca 


MINNESOTA ORTHOPEDIC SERVICES tions, strains, bursitis, lympedema, etc. 
4035 Regent Avenue North See your local Distributor or write direct to 
MINNEAPOLIS, MINNESOTA MOORE & MOORE, Inc. 


1202 South 17th Avenue, Maywood, Ill. 


THE UNITED LIMB AND BRACE CO., INC. 
61 HANOVER STREET BOSTON 13, MASSACHUSETTS 
Telephone: CApital 7-2183 


Manufacturers of 
Limbs 


@ This shows how the 
Soft Back Rubber Cushion Socket 


conforms to the stump when the patient is sitting down 


PAT. NO. 2253040 


WILLIAMS 


LUMBO-SACRAL BRACE 


Measurements: |. Chest (about 4°’ below nipple line); 2. Waist (at navel 
line); 3. Pelvic (Ya distance between greater trochanter and crest of ilium); 
4. Seventh cervical spinous process to sacrococcygeal junction. 


Artificial Limbs Equipped with Mason Adjustable Scle-Leather Sockets 


ALL ORTHOPAEDIC APPLIANCES 
Orders filled at the request of members of the profession only 
MILLER BRACE CO. 
3902 Gaston Avenue 


Dallas, Texas 
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INSTRUMENTS AND SPLINTS FOR 
HAND SURGERY AND TREATMENT 


Active Hand and Finger Splints 
(Cock-up, Knuckle-bender, etc.) 


Torsion Bar for supination and 
pronation of the wrist 


Tendon-Stripping Instruments 


Anvil for the small bones of 
the hand 


Traction (Hook) Anvil with two 
shafts — for the long 
and the small bones 


Small Hand Drill 


for use with Kirschner wire drills 


and other special instruments 
for bone and joint surgery 


Write for our Catalogue 


H. WENIGER 


Established 1907 
143 Valencia St. San Francisco 3 


= swing begins at the front of 
heel approximately at the astragalo-scaphoid joint 
instead of acting merely as a metatarsal abductor. 
Pressure is distributed and applied at three points: 
1. Laterally directed pressure over the medial 
border of the first metatarsal . .. A LEVER. 
2. Laterally directed pressure over the medial 
margin of the os calcis .. . A LEVER. 
3. Medially directed pressure directed opposite 
the calcaneo-cuboid joint .. . A FULCRUM. 
An elevation in the sole under the calcaneo- 
cuboid joint corrects so called “rocker foot’. 


THE TARSO PRONATOR SHOE SUPPLIED 
SINGLY. . . IN PAIRS ... IN SPLIT PAIRS 


Write for descriptive folder and nearest dealer 


MAURICE J. MARKELL SHOE CO., INC. 


332 So. Broadway ¢* Yonkers, N. Y. 


BRACES 
ARTIFICIAL LIMBS 
SUPPORTS 


Made to Order 


COMPLETE LINE OF... 


Limbs (willow wood and aluminum) 
Arms (willow, leather, aluminum) 
Corsets (custom made and stock) 
Braces (steel and aluminum) 


Elastic Stockings (made to measure and 
stock) 


Wheel Chairs, Crutches, etc. 


Forty-six years of unfailing service are your 
guarantee of careful, specialized coopera- 
tion. Nothing but the finest materials are 
used. 


THE ORTHOPEDIC APPLIANCE CO., INC. 
123 East Wells Street, Milwaukee 2, Wis. 


Certified by the American Board for Certification of 
the Presthetic Orthopedic Appliance Industry, Inc. 


me signifies 


“House of ‘Valid Ougin 


CRUCIATE-HEAD 
PILOT-POINT 


BONE SCREWS 


PATENT NUMBER 
2,494,229 MASTERPIECE OF QUALITY 
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acmekit saves time and 


emotion 


Complete unit for 
bone plating 


and bone screw 
insertion. Contains 
necessary 


instruments 
For complete information & catalog, 


acme company, in. 


P.0.BOX 2279 @ GREENSBORO, N. C. 
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Is Your File Complete? 


Many subscribers to The Journal of Bone and Joint Surgery have their 
volumes bound each year for their reference libraries. 


Calls for back issues during recent months have depleted the 
supply of some numbers 

If you lack certain numbers and wish to complete your file of 
The Journal, you should promptly ascertain if the missing numbers 
are available. (Not all issues are available. ) 


Single copies of 1948, 1949, 1950, 1951, 1952, and 1953 nos. $2.50 each 
Single copies of issues 1.50 each 
Single copies of issues 1916-1921 (monthly)..... -50 each 


Write to 
THE JOURNAL OF BONE AND JOINT SURGERY 


8 THe Fenway Boston 15, MaAssACHUSETTS 
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